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INTRODUCTION 
INTRODUCTION 
Aldehydes are versatile chemical reagents used m orgamc 
chemistry and their applications are manifold. They lie in between 
pnmary alcohols and carboxylic acids in the oxidation state and 
because they can be easily reduced or oxidised, it is extremely 
convenient to proceed on either side of the oxidation chain starting 
with aldehydes. Addition to the carbonyl group through the cyanohy-
drin providing the bifunctional a-hydroxy acid. is a reaction which 
has been used widely. When this reaction is carried out in presence 
of ammonia a-amino acids are obtained. Aldehydes on mild reduction 
provide primary alcohols but under different conditions the carbonyl 
group can be reduced to methvlene. 
Aldehydes can be conveniently converted into acetylenes, 
Schiffs bases. amides. amines etc. They can react with aromatic 
compounds under Friedel and Crafts conditions to give alkylated 
a rom at i c s. Other useful reactions of al de h v des provide methods of 
2 
increasing the chain length, g1vmg nse to differently functionalised 
compounds through the Perkins, Reformatsky and similar reactions. 
Examples cited above, though not exhaustive show that aldehydes 
are indeed versatile reagents. 
Apart from their reactivity, several aldehydes are used as a 
flavouring agents in perfumery and as intermediates in pharmaceuti-
cal and dye industries. 
This thesis reports two methods for synthesis of aldehydes by 
the reduction of acid chlorides with formic acid. In one of these the 
acid chlorides are reduced by formic acid in the basic medium and in 
the other by catalytic transfer hydrogenation again by using formic 
acid as the hydrogen donor. In both these methods aldehydes are 
obtained in extremely good yields. The advantage of these methods 
also lie in the fact that the reagents and catalysts used are inexpen-
sive, the reaction times very short and the experimental procedure 
extremely simple. 
REDUCTION 
OF 
ACID CHLORIDES 
TO 
ALDEHYDES 
METHODS 
OF 
PREPARATION 
OF 
ALDEHYDES 
METHODS OF PREPARATION OF ALDEHYDES 
This thesis reports two methods for the preparation of aldehydes. It 
is, therefore, appropriate that the available methods for this purpose be 
discussed in brief. In the following pages which enumerate methods of 
preparation of aldehydes the accent is on the methods starting with acid 
chlorides, as that forms the subject matter of this thesis. 
The preparation of aldehyde can be approached in different ways; 
very broadly either with or without altering the carbon skeleton. This 
alteration can result in the decrease or increase in the number of carbon 
atoms originally present in the substrate. Some reactions which represent 
the former category are the ozonolysis of alkenes 1 (equation 1 ). oxidation 
ofalkenes with bistriphenylsilylchromate2 (equation 2). sodium dichromate3 
(equ~tion 3) and ruthenium oxide.t (equation 4) as exemplified below. 
0~ \1e0H, H 2 Pd-C 
-.:::::- C8H 17CHO (1) 
EtO:\.c or Zn HOAc 
4 
B istriphenylsi lylchromate 
PhCH=CH2 PhCHO (2) 
CHO 
(3) 
Sulfanilic acid, H 20 
(4) 
The literature similarly bounds with examples of the type in which 
there is an increase in the number of carbons in the substrate which can be 
ilJustrated by the following examples. Treatment of an acid chloride with 
diazomethane, derivatisation of the homo acid generated followed by 
reduction yield the homologated aldehydes 5 (equation 5). Alcohols are 
transformed into allyl ethers which are then rearranged to the aldehyde on 
treatment with propyllithium6 (equation 6). Vilsmeier-Haack formylation 
is a fairly common procedure for preparation of aldehydes 7 (equation 7). 
The Hoesch condensation is a particularly useful technique in the aromatic 
seriesg (equation 8). 
r81'COCI 
Me~ 3.5-Dimethylp~ razole 
LiAIH~ 
~HO·(S) 
Me~ 
n-Bu-OH 
PrLi 
Zn(CN) 2 , AICI 3 
~ 
HCI, C2H 2 CI~ 
5 
n-Bu-CH2CH2C-H (6) 
II 
0 
(7) 
CHO 
(8) 
The oxidation state of aldehydes being situated between those of 
primary alcohols and carboxylic acids. the aldehydes can be approached 
through the oxidation of primary alcohol or reduction of the acid or its 
derivatives. In these instances the derived aldehyde invariably have the 
same carbon skeleton as the starting material. However. it has been 
observed that though conceptually sound, these methods are procedurally 
difficult as the aldehyde formed can be easily oxidised or reduced further. 
depending upon whether they are prepared by oxidation or reduction. The 
experimental conditions thus have to be designed to stop the oxidation/ 
reduction reaction at the aldchvde stage. The hi2.her volatilitv of the 
. '- ...... .. 
aldehydes vis-a-\·is the alcohol has. however. made it possible to distil the 
aldehyde as it is formed from the reaction mixture: especially in case of 
lo\ver aldehydes. 
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In the preparation of aldehydes by oxidation of alcohol the more 
commonly used oxidant is Cr(VI), wherein Cr(VI) is reduced to Cr(III). 
The Cr(VI) reagents used forth is purpose are acid dichromate9, dipyridinium 
chromate (Collin's reagent) 10, pyridinium dichromate II. pyridinium 
chlorochromate (Corey's reagnet)I 2, and chromic acid and H2S04 in water 
(lone's reagent) 13 . Where the substrate is acid sensitive Cr03 in HMPTI 4• 
Cr03 in pyridine IS or Na2Cr20 7 in wateri
6 are convenient oxidants. Polymer 
supported chromium(VI) reagent has also been utilised by adsorbing Cr03 : 
pyridine (I :2) on celite I?. 
Among the manganese based regents activaled Mn02 is an efficient 
reagent, which is of particular use in the oxidation of allylic alcohols to the 
corresponding uP-unsaturated aldehydes IS. 
Ceric ammonium nitratei 9, polymer supported silver carbonate 
(Fetizon's reagent) 20 , nitric acid in aqueous glyme 2 I and N-
methylmorpholine -N-oxide22 with a ruthenium complex are other reagents 
used for the oxidation of alcohols. 
The Oppenauer oxidation of alcohols to aldehydes is carried out by 
use of aluminium-t-butoxide in presence of a ketone 23 . This reaction is 
pictured to take place through a cyclic transition-state (1). 
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Catalytic dehydrogenation has also been employed for the 
conversion of primary alcohols into aldehydes, though these methods 
are more commonly employed in the industry rather than the laboratory. 
Catalysts used for this transformation are copper, silver, mixture of 
these metals, copper chromite 24 or copper oxide25. 
As has been stated above, acids or more conveniently their 
derivatives can be reduced to aldehydes. House 26 has reported that 
the acid chlorides are the most easily reducible of these derivatives 
and consequently the reduction of acid chlorides has been the most 
investigated reaction in this respect. 
First of these investigations27 has developed into a general 
method for the preparation of aldehydes, known as the Rosenmund 
reduction. It essentially consists of catalytic hydrogenation of the 
acid chloride wherein the carbon-chlorine bond in the acid chloride 
undergoes hydrogenolysis. (equation 9) 
R-C-Cl + H., 
I I -
0 
Catalyst 
R-C-H + HCl 
II 
0 
(9) 
The difficultv encountered in this reaction as alreadv mentioned 
. . 
is the over-reduction of the aldehyde generated to the corresponding 
alcohol in view of the fact that the aldehvdes are themselve~ verv 
. . 
t:asih reduciblc 26 . The reaction thus has to be carefullv controlled in 
- . 
order to maxi m i s e t 11 e v i e I d o f the aIde hyde . 
8 
The parameters which can be manipulated to direct the reaction 
in the desired direction arc (a) the catalyst (b) the solvent and (c) the 
temperature of the reaction. 
The catalyst that is used more commonly is palladium on 
barium sulphate 28 . As the use of this or other catalyst can invariably 
cause further reduction of the aldehyde. this difficulty has been 
circumvented by the use of substances known as catalyst poisons or 
regulators. Substances like mercury. divalent sulphur or amines are 
the more commonly used poisons. They serve to reduce the activity 
of the catalyst by reducing the extent of bonding between the 
catalvst and the substance to be reduced. Th~ most commonly used 
poison is quinoline sulphur 29 which is obtained by heating a mixture 
of sulphur and quinoline under reflux 30 . Other regulators "·hich have 
found application are thioquinanthrene29 · 31 • thio-urea other sulphur 
compounds 29• tetramethylurea 32 , pyridine and copper 33 • thiophene or 
thiourea 32 · 34 • dimethylaniline35 • ethyldiisopropylamine 36 . sodium 
acetate 37 • and 2.6-dimethylpyridiue 3x. 
Though palladium on barium sulphate has been "·idely used. 
other catalysts found to serve the same purpose are palladium supported 
on kieselguhr 2Y·-' 9• charcoal 3Y .. w. or calcium carbonate 41 . Palladium 
also has been frequently substituted by other metals viz: osmium4o. 
I . ''4"''' ..,.,,..,,, ·-p atJnum·'·'· -·"'·' and nickel-'·"'-·"'·'· .. 4 ·"':-. 
9 
The solvents used should be inert under the reaction conditions 
or in other words should be inert to hydrogenation. Further it should 
also be possible to maintain the desired temperature by heating or 
refluxing. Accordingly aromatic hydrocarbon are the more common 
solvents; those of common applicability being benzene, toluene or 
xylene. 
In a study of the reduction of higher fatty acid chlorides46 it 
was observed that amines when used as acid scavengers were prone to 
react with acid chlorides and contaminate the products.N,N-
Dimethylacetamide was found to be more effective in neutralising the 
e\·o IYed H C l. 
The reduction is facile in some cases at the ambient temperature. 
Elevated temperatures employed for reduction of aliphatic, 
hydroaromatic and aliphatic aromatic aldehydes vary from 50°C to 
200°C. In the preparation of aromatic aldehydes, apart from room 
temperature in some instances. the temperature used vary from 
1 00°C to 185 cc. In the case of heterocyclic aldehydes also a similar 
situation prevails. These temperatures can be easily maintained by 
using a suitable solvent and conducting the reaction at the reflux 
temperature. 
A modification of the Rosenmund reduction inYolves the use of 
the homogenous hydrogenation catalyst. dihalobis-(triphenyl 
10 
phosphine) palladium(II) 47 . It has however been observed that this 
catalyst \Vas effective only in the reduction of aromatic acid chlorides 
to aldehydes and in the case of aliphatic substrates no significant 
quantity of the aldehydes could be obtained. 
Procedurally the Rosenmund reaction is carried out by bubbling 
hydrogen through the hot solution of the acid chloride in a suitable 
solvent in which the catalyst treated with the regulator is suspended. 
On the average, yields obtained in this reaction vary from 50-80%. 
More common side reactions in this process are the over-reduction 
of aldehyde to alcohol or hydrocarbon and the formation of esters 
and anhvdrides. Occasionally ethers are also observed to be formed. 
Use of gaseous hydrogen and the attendant hazard is however a 
drawback in this method. 
Another method employed for the conversion of acid chlorides 
to aldehydes involves hydride transfer from a complex metal hydride. 
Such hydrides are common reducing agents in organic chemistry, the 
more commonly used reagents being LiAlH 4 and NaBH-1. LiAIH-1 and 
NaBH-1 being powerful reducing agents the activity of reducing 
agents have to be reduced considerably in order to prevent further 
reduction of the generated aldehvdes. Such more selective reagents 
~ . ~ 
arc prepared by modifying these reagents. One such reagent. Lithium 
tri-t-butoxyaluminium hydride is obtaind by treatment of LiAIH-1 with 
stoichiometric a nw un t of terti arv bu tv l alcoho 1-1s (Equation l 0) 
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Reduction of acid chlorides to aldehydes can be effected by 
this reagent 49 . This reduction can be carried out either in 
tetrahydrofuran or diglyme solutions, the preferred temperature being 
0°C. Aldehydes have been obtained by the use of this reagent in 
yields varying from 36 - 85%. 
Sodium tri-t-butoxyaluminium hydride 50 has also been 
investigated as an alternative to LiAl(t-C 4 H 90) 3 H 51 . It is prepared in 
an analogous manner and is soluble in diglyme solution. but only 
sparingly soluble in tetrahydrofuran. The reduction is hence carried 
out by treating the solution of the acid chloride in tetrahydrofuran 
with a solution of the reagent in diglyme. The reduction however, is 
carried out at the relatively low temperature of -78°C. Moisture, of 
course, in case of both reagents has to be rigorously excluded. 
Reduction by sodium alkoxyaluminium hydride is reported to give 
aldehydes in almost quantitative yields (92-1 00% ). The reaction 
time required for the conversion of acid chlorides to aldehydes using 
Lithium tri-t-butoxyaluminium hydride is 2-3 hours \\·hereas for 
sodium tri-t-butoxyaluminium hydride is 3-4 hours. 
Another reagent which serves the same purpose is tributyltin 
hydride, Bu 3SnH:' 2·53 . It has been reported that when the reaction is 
12 
conducted in the absence of a solvent, the main product was the ester 
along with varying amounts of aldehydes. However, when the reaction 
was conducted in solution the main product was the aldehyde. When 
the alkyl group in the tin hydride is changed the composition of the 
products also underwent a change and it was observed that the 
tributyltin hydride was the hydride of choice to convert acid chlorides 
into aldehydes. The reaction has been modified by adding palladium-
catalyst to the reaction mixture 54 ·55 . The catalysts used were tetrakis-
(triphenyl phosphine) palladium (0), various palladium(II)-
complexes or PdC1 2 in the presence of triphenyl phosphine. Along 
with this catalyst tributyltin hydride specifically gave the aldehyde 
in good yields. Other reducible groups if present are not affected. In 
the absence of catalyst the acid chloride was reduced to aldehydes 
according to the equation given below (equation 11). In the presence 
of catalyst, the reaction was found to be more rapid and selective 
(equation 12). 
RCHO + Bu,SnCI 
-' 
( 12) 
The reaction is extremely rapid and the aldehydes are obtained 
at room temperature by addition of tributyltin hydride to a mixture 
of acid chloride and palladium catalyst in a solvent. The so!Yents 
13 
which can be used are benzene, toluene, ether or tetrahydrofuran. A 
variety of aldehydes have been prepared in yields varying from 70 to 
95%. Surprisingly, tetrakis(triphenyl phosphine) palladium (0) 
catalyses reduction of a~-unsaturated carbonyl compounds to the 
corresponding saturated compound whereas in presence of tributyltin 
hydride the reduction of a~-unsaturated acid chlorides yielded a~-
unsaturated aldehydes. Reduction of acid chlorides by tributyltin 
hydride has been postulated to take place through a radical process. 
In a closely related method 56 tributylgermanium hydride has 
been used to reduce acid chloride to aldehyde in the presence of 
tetrakis-(triphenyl phosphine) palladium(O) In hexamethyl-
phosphoramide at 80-1 00°C. 80-93% yields of the aldehyde has been 
reported. Nitro and a~-unsaturated aldehydes are obtained without 
alteration of these functions. 
Sodium borohydride. a versatile reducing agent. though less 
powerful than lithium aluminium hydride, is commonly used to 
reduce carbonyl groups to the corresponding carbinols. However 
when the reduction of acid chloride was conducted in acetonitrile in 
the presence of certain metallic ions like Li+. M2: 2 ~. Al 3- etc. alon2: with 
~ ~ 
N.N-dimethylformamide aldehydes were obtained albeit in relatively 
low yields of 24-50% 57·5R_ In a further investigation of this reaction 59, 
it'' as obsern~d that when the reaction was conducted in a mixture of 
dimethylformamide and tetrahydrofuran yield of the aldehydes were 
14 
substantially increased, even in the absence of metal salt. However, 
during quenching the reaction over-reduction of the aldehyde took 
place. This could be substantially reduced by quenching the mixture 
with propionic acid, dilute hydrochloric acid and ethyl-vinyl ether. 
This reaction requires the low temperatuer of -70°C. Aliphatic and 
aromatic aldehydes in this instance have been obtained in yield of 
80-95%. The aldehydes appeared together with some alcohol in 
ratios ranging from 6:1 to 19:1. It was also observed that sodium 
borohydride along with cadmium chloride reduced acid chlorides to 
aldehvdes In fair yield ranging from 50-90%. The reaction was 
conducted m solvents like dimethylformamide, dimethylacetamide 
or hexamethyl phosphoramine. However dimethylformamide had to 
be an essential component 58 . In this reaction also a relatively low 
temperature of -1 0°C was required. Sodium borohydride in presence 
of pyridine and dimethylformamide at 0°C has also been used for this 
conversion 60 . 
As stated earlier acid chlorides are reduced to alcohols on 
treatment with sodium borohyride. Different sets of workers 6 1. 6Z.63.64 
have reduced the activity of borohydride by complexing coppertetra 
hydroborate with phosphine or phosphite ligands. This complex has 
been described to have the following structure (II). In one of the 
proc.:dures reported 61 aldehydes were obtained in 2.ood vields van·ing 
~ . ~ ~ 
from 67-100% yields. The reaction was conducted at room 
15 
(11) 
temperature for a period of 30 minutes. Majority of the aldehydes 
prepared were aromatic. In another procedure 62 the acid chloride in 
acetone was added to the catalyst and stirred for 80 minutes. In this 
case also the aldehydes prepared were mainly aromatic with the 
exception of cinnamaldehyde and nonanal. Yields ranging from 63-
1 00% were obtained. Sorrell et al 64 also conducted reaction at 25°C 
and the time required was reported as 1 hour. Yields obtained were 
reported to be good to excellent and the reaction has been represented 
bv the following equation (13). 
acetone. 25°C 
(Ph 3P) 3CuCl + RCHO + Ph 3PBH 3 
..... (13) 
It was reported in 1950 65 , that aroyl chlorides on treatment 
with triethylsilane in refluxing ether or with triethylsilane in presence 
of aluminium chloride gave the corresponding aldehydes in 30-50% 
16 
yields. However, it was later reported 66 that temperature required is 
much more than what is obtained in refluxing ether. Organosilane 
hydride in presence of palladium catalyst has been reported to cleave 
carbon-halogen bond in halocarbons 67 . The same group extended this 
work to the reduction of acid chlorides to aldehydes 6R. They also 
observed that the incorporation of palladium catalyst (palladium on 
charcoal) alters the course of the reaction and reaction of acid 
chloride with triethylsilane gave aldehydes in yields ranging from 
28-75%. The reaction was carried out at room temperature. However, 
sterically hindered acid chlorides gave very poor yields. Later it was 
observed that the platinum complex cis-[PtCI 2(PPh 3) 2] also catalyses 
the reduction of acid chlorides to aldehydes 69 . The reaction must be 
carried out at 120°C and yield of the aldehydes obtained were in the 
range of 2-68%: not very appreciable. It was also observed that in the 
presence of rhodium catalyst: trans-[RhCl(CO)(PEtPh 2) 2] formation 
of ketone was found to dominate. The overall reaction in this 
reduction process has been represented as below (equation 14). 
R,SiH + RCOCl 
_, (14) 
More recentlv 70 ligands obtained from diacetylmethane on 
reaction with certain metals together with triethylsilane were reported 
to catalyse the reduction of some acid chlorides to aldehvdes in 
viclds of 13-89% along with Et 3SiCL RC0 3 SiEc~. RCO,CH.,R and 
17 
RCOOH. The ligands corresponded to the formula M[CH(COMe)2] 0 
(M=Cr, Mn, Fe, Co; n=3; M=Co, Ni, n=2). 
Acid chlorides have also been reduced to aldehydes by treatment 
with Na 2Fe(C0)/ 1 in tetrahydrofuran at 0°-60°. Quenching with 
acetic acid was required to liberate the aldehyde. The reaction has 
been reported to follow the path described in the following equations 
(15 and 16) 
R-C-Cl + Na2Fe(C0)4 
II 
0 
Na+[Fe(C0)4CORt + AcOH --> R-C-H 
II 
0 
The reaction was conducted in tetrahydrofuran under argon 
and the overall time requirement was 90 minutes. Aldehydes were 
obtained in good yields, ranging from 65-95%. 
Hvdridotetraferratecarbonvl anion has also been used to . . 
reduced acid chlorides to aldehydes in good yields in aprotic 
solvents 72 . The reaction has been represented by the following 
equation (17). 
2RCOC1+3NMe 4 .HFe(C0)4 _____,. 2RCH0+2NMe4CI+NMe 4HFe(CO) 
..... (17) 
and the mechanism by the following steps (equation 18). The reaction 
0 
II 
R-C-Cl -> 
1 
H-Fe-(C0) 4 (-) 
0 
II 
R-C ----7 RCHO + Fe(C0) 4 
I 
H-Fe-(C0) 4 
18 
(18) 
time varies with the substrate (1-4 hours) and the yields of aldehydes 
obtained from 80-100%. The efficacy of this reagent is however is in 
doubt in the preparation of aldehydes from aromatic acid chlorides 
carrying nitro group and a~-unsaturated acid chlorides. 
Apart from the methods discussed above for the conversion of 
acid chlorides to aldehydes, some indirect methods have also been 
reported to achieve the same results. In the methods discussed above 
the conversion is secured by hydrogenolysis of the carbon-chlorine 
bond in the acid chloride by the use of appropriate reagents. In the 
indirect method the halogen in the acid chloride is displaced by a 
suitable group, which is then hydrogenolysed. In such cases at least 
an additional step is involved in the formation of aldehvde. 
One of such methods reported involve the formation of a 
thiolester from the acid chloride which is then subjected to catalytic 
hydrogenation using Raney-nickel as the catalyst 73 . As expected, the 
carbon-sulphur bond is cleaved leading to the aldehyde. Steps involved 
in this reaction can be represented by the following equations 
(19 and 20). 
19 
Pyridine 
-HCI 
Hydrolysis of Reissert compounds have also given nse to 
aldehydes. The Reissert adduct is obtained by the addition of acid 
chloride to quinoline in aqueous potassium cyanide 74 ·75 (equation 21). 
ArCOCl 
• CN -Cl 
H 
( 21) 
The Reissert adduct is then hvdrolvsed by mineral acids to give the 
. _, . ..... 
aldehyde (equation 22). 
CN 
H 
+ ArCHO 
CN 
( 2 2) 
20 
The Grundmann's procedure is another method used to prepare 
aldehydes from acid chlorides. Inspite of the fact that this is a 
circuitous procedure, the overall result has been reported to be 
satisfactory. This procedure 76 consists of treating the acid chloride 
with diazomethane to give rise to diazoketones which is subsequently 
treated with acetic acid at 60-70°C and then boiled. The keto-ester 
thus generated is reduced by lithium aluminium hydride or aluminium 
isopropoxide to yield a diol. This diol is then cleaved with lead-
tetraacetste or sodium metaperiodate. The overall sequence of 
reaction involved in this procedure are depicted below (equation 23). 
R-COCl 
--;> 
or AI(OPr' ):; 
CH2N 2 CH3C0 2H 
> RCOCHN 2 ---=>- RCOCH 20COCH 3 
-HCI -N 2 
R-CH-CH ., 
I I -
OH OH 
Pb(0Ac) 4 
> 
or Nal04 
RCHO + HCHO (23) 
In the Sonn-Muller reaction 77 the acid chloride is converted 
into an anilide or toluide by treatment with the appropriate aryl 
amine. This amide on treatment with phosphorus pentachloride gives 
an iminochloride which is reduced with stannous chloride to an imine 
which is then subjected to acid hydrolysis to yield the aldehyde. 
Different steps involved in this reaction can be represented as follows 
(equation 24 ). 
PhNHo 
ArCOCl -~-- -~ ArCONHPh ;::......_======-= 
-HCI 
Cl 
SnCI, 
OH 
I 
ArC= NPh 
PC I, I 
-~---:>::> ArC = N Ph ------:,.._ ArCH=NPh 
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(24) 
In the closely related McFadyen-Steven method 77 . the amide 
prepared is acyl-sulphonylhydrazide which is obtained either from 
acid chlorides or esters. Decomposition of the amide has been 
reported to follow the mechanism 711 depicted below (equation 25). 
-o-'\ NaOEt -fr~ -X _ CONHNHSO)Ar ---~X ONH~SO)Ar -EtOH - Na 
~,DMSO 
- .... 
or DMF 
ArSOzNa 
x-Q-coN=NH- x-Q-cHO+H2 ( 25) 
Another method 79 involves the treatment of 3-methyl-1-phenyl-
:-phospholene \\ ith an acid chloride in presence of triethvlamine to 
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gtve an acyl-phospholinium salt. This salt on aqueous hydrolysis 
yields the aldehyde. Only aromatic or heteroaromatic aldehydes have 
been prepared utilising this method. Yields obtained are in range of 65-
89%. Transformations involved in the sequence of reactions can be 
represented as below (equation 26). 
dMe \ + ArCI-IO /p 
Ph ~ 
( 26J 
In another indirect method 80 acid chlorides were treated with 
ortho-mercapto-phenol tn tetrafluoroboric acid-ether or 
borontrifluoride-ether complex to give the heterocylic compound, 
2-substituted-1 ,3-benzoxathiolylium tetrafluoroborate. It was then 
reduced with sodium borohydride in acetonitrile at 0-20°C to give 2-
substituted- I ,3-benzoxathiols. Acid catalysed hydrolysis of this 
compound yielded the aldehyde. Yields obtained in this reaction range 
from 70-90%. Aliphatic, alicyclic and aromatic aldehydes could be 
prepared by this method. Transformation taking place during this 
sequence of reactions are as follows (equation 27) .. 
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__ ..,.., R,CHO ( 27) 
The chloride has been replaced by another good leaving group 
in the amide, 3-acyl-thiozolidine-2-thiones 81 . This amide on treatment 
with DIBAL yields the aldehyde. The reduction was conducted under 
argon or nitrogen at temperature varying from -20°C to -50°C. 
Reduction ofthe amide with sodium borohydride yielded the alcohols 
instead of aldehydes. The yields of the aldehydes prepared ranged 
from 54-93% (equation 28). 
DIBAL 
> R-C-H 
R 
(CH 2) 4Me 
(CH 2) 8Me 
(CH 2) 14 Me 
Ph 
"'- H 
c = c/ 
H/ "'-Ph 
b 
(28) 
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Another approachR2 has been to react acid chloride with 1,3-
< imethyl-2-phenyl benzimidazoline (DMBI; III) in acetonitrile in 
presence of acetic acid all in equimolar quantities. While the reduction 
was possible even in the absence of acetic acid, it was observed that 
the presence of equimolar quantity of acetic acid gave better yields 
(60-90%). The mechanism of the reaction has been explained on the 
basis of the transfer of hydride ion from DMBI to the carbonyl group 
(III) 
which is electrophilically catalysed by protonation as explained in 
the sequence of reactions given below (equation 29). 
0 
II 
R-C-CI 
+OH 
rt 
-----> 
c11 
R-C-CI 
Me 
I ~'i~ 
~1'-;h 
I 
Me 
0-H 
,J ~ 
~--;> R-CH-CI 
---? RCHO 
-HCI 
(29) 
In a more recent method!U reported. aldehydes are prepared 
from acid chlorides Yia 1-(acylmethylamino)-3-methylimidozolium 
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ylidc. a good leaving group, but treatment with lithiumaluminium 
hydride. sodium borohydride or lithiumtriethoxy aluminium hydride 
resulted in the cleavage of the nitrogen-nitrogen bond. However, 
treatment with diisobutylaluminium hydride in tetrahydrofuran for 
30 minutes at temperatures varying from -1 0°C to room temperature 
gave good yields of aldehydes. Aliphatic. aromatic and ap-unsatur-
ated aldehydes were obtained in yields ranging from 69-83%. How-
ever the reaction is longwinded and depending upon the substrate 
low temperatures are also required. Steps involved in this procedure 
are detailed below (equation 30). 
/Me () 
- N 
I \ 
/N~o 
Me I 
R 
/Me () 
MSTS- I 
DIBAL 
THF 
10°C ...... r.t. 
H/N'fo 
R 
Mel/ Acetone 
()0} 
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In another methodx4 chlorine of the acid chloride has been 
replaced by trimethyl phosphonium ion which is formed in situ from 
an acid chloride and tributyl phosphine in acetonitrile. When this 
salt is reduced with zinc, copper couple or zinc in methyl sulphonic 
acid at 0°C in nitrogen atmosphere and then worked up with aqueous 
10% hydrochloric acid, follo\ved by I 0% potassium carbonate 
aldehydes were obtained. Yields ranging from 40% to quantitative 
have been reported. The reaction sequence has been reported as 
be low (equation 31 ). 
OH 
R~P+ Bu 
3 
0 
II Zn-Cu or Zn 
> R-C-P-Bu --- --.;>-3 
:>- RCHO (31) 
Methods of preparation of aldehydes are much more than what 
have been discussed above. but in this instance the main accent of the 
discussion is confined to the preparation of aldehydes from acid 
chlorides. as this happens to be the subject matter of this thesis. 
FORMIC ACID 
ASA 
REDUCING AGENT 
FORMIC ACID AS A REDUCING AGENT 
In the work being reported the acid chlorides have been reduced to 
aldehydes by using formic acid as the reductant. It is therefore appropriate 
to discuss the reducing character of formic acid, which follows. 
Formic acid differs from other carboxylic acids in that it is endowed 
with the dual characteristics of an aldehyde and an acid. The reducing 
character of formic acid can be attributed to the former of these functions. 
In the broad sense. formic acid is oxidised to the ultimate oxidation state 
of C0 2 according to the following equation (32). 
H-C-0-H 
I' 
0 
-> (32) 
Formic acid has been observed to decompose according to the 
aboYe known scheme in presence of certain metal or their oxides. Thus on 
heating with a mixture of copper oxide and chromium oxide at 160°-80° 
a mixture ofC0 2 and H 2 are generated85 . Alternatively in the presence of 
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oxygen, platinum, iridium, rubidium or palladium induce a similar 
decomposition of formic acid at 150°86 . Several other metals have also 
been recorded to cause such decomposition of formic acid 87 . 
Among the substances which have been reported to be reduced by 
formic acid are imines. The Leuckart reaction in which aldehydes or 
ketones are treated with ammonia, primary or secondary amines and 
formic acid at fairly high temperatures yield amines. It is postulated to 
take place through the intermediacy of imines 88 . A plausible route 
described is as below89 (equation 33). 
R-C-R + NH3 II 
0 
IICOOH 
R-CH-R 
I 
NH 2 
N H., 
I -
R-C-R 
I 
OH 
R-C-R 
II 
NH 
(33) 
In the closely related Wallach reaction also formic acid I formate 
has he en identified as the reducing agent. 89 In this process a ketone or an 
aldehyde reacts with formic acid and formate in presence of a primary or 
secondary amine to gi\'e rise to a higher secondary or tertiary amine 
respecti\'ely. as depicted below (equation 34). In this case also the 
R 1 CH 2-~-R2 -l- R 1-NH-R4 + HCOOH 
I 
0 
..... (34) 
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reaction has been presumed to proceed through an imine or enamme 
produced initially by the interaction of the carbonyl compound and the 
primary or secondary amine respectively. It is then reduced by either 
formic acid or formate as the case may be. 
Another modification of the above set of reactions is the Eschweiler-
Clarke reaction89 in which amines are methylated with formaldehyde and 
formic acid. In this instance an N-methylene immonium ion generated 
originally is reduced by the formate ion as depicted below88 (equation 
35). In the above triology, imines formed in-situ are assumed to be 
reduced by formic acid. 
+ 
-'> R-NH 2-H2c-o- ""-
---- -........ 
+ Hcoo-
R-NH-CH -OH 2 > RNH = CH2 -> RNH-CH 3 + C02 (35) 
Preformed imines (IV and V) also have been reported to be reduced 
by formic acid and formate ions 90.91.92.93. 
ArCH=N-CH -CH -N=CH 2 2 2 
(IV) 
ArCH=N-CH 2-CH2-N=CH-Ar 
(V) 
Other substances carrying doubly bonded nitrogens reduced by 
formic acid are hydrazones and azines to the corresponding hydrazines. 
In these cases also it has been proposed that the reaction proceeds 
through the reduction of an imminium ion by hydride transfer from the 
formate 94 ·95 (equation 36 ). 
. 
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>CH- NH +CO., I ~ (36) 
However one author has differed from this view and has suggested an 
alternate free radical mechanism 96 . 
Enamines97·98 ·99 are other species which have been reduced using 
formic acid along with formates. These reactions have again been found 
to proceed through a hydride transfer to the protonated enamine from the 
formate 100 . The overall reaction can then be pictured as below on the 
proof derived from the use of deuteratcd formic acid as the reductant 
(equation 3 7). 
I 
HCOOH + HCoo- + HC = C - N 
I 
I 
CH- CH 
I 
N-
1 
(3 7) 
The reduction of pyridine 101 to tetrahydropyridine or piperidine has been 
explained to proceed through an analogous pathway in view of the latent 
enamine character of the former (equation 38). Similarly quinolines and 
0 + HCOOH + HCOO- - > o+o~ 0 (38) 
H H H 
· · J' J(P10' · . Isoqumo mes -· ·' are also reduced by form1c ac1d to the corresponding 
tetrahydro derivative (equation 39 and 40). 
ro + HCOOH + Hcoo-N (0 ( 3 9) 
H 
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+ HCOOH + Hcoo- -::. ( 40) 
Certain alcohols capable of forming fairly stable carbonium ions, 
subsequent to protonation. have also been reduced. again by a mixture of 
formic acid and formates. Among such examples cited are the substituted 
benzylalcohol. a (p-dimethylaminophenyl)-ethanol 41 (equation 41) and 
triary I carbinols 1 o.u 05 (equation 42) \vhich are reduced to the corresponding 
hydrocarbons. Though in the former the yield reported is only 6% in the 
latter it is quantitative. In these instances too. the reactions have been 
HO-CH-CH 3 CH.,-CH, 
- ·' 
( 41) 
NMe NMe 
-.?> ( 42) 
found to proceed through initial protonation follo\\·ed bY hvdride 
transfer from formate ions. Trian·I methvlethvlethers and trian·J carbinYI 
.. ,.1 ., .. ., 
chlorides haYe also been similarly reduced. 106 Triaryl silanois 107 have 
been similarly reduced by formic acid. but to arenes (equation 43 ). Highly 
alb·Jated hen1enes 108 on treatment with formaldehyde in formic acid. 
(~) 3 - Si- OH ~ ~- 1-1 (43) 
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through a senes of transformations have been found to yield benzenes 
which are further alkylatcd as detailed below (equation 44). 
CHz 
, + HCOO-
+ 
(44) 
The abo\'e discussion suggests that formic acid is a reducing agent 
though mild and probably it is because of this characteristic that enough 
attention has not been paid to the use of formic acid as a reducing agent. 
The following chapters describe how this potential has been exploited for 
the preparation of aldehydes from acid chlorides. 
CURRENT WORK 
CURRENT WORK · 
Synthesis of aldehydes by reduction of acid 
chlorides with formic acid 
The previous two chapters have provided a brief survey of the 
preparation of aldehydes from acid chlorides and the use of formic 
acid as a reducing agent. The following exercises were went into to 
examine the feasibility of reducing acid chlorides to aldehydes 
through a process of hydrogenolysis by using formic acid as a 
reducing agent. 
The purpose of this investigation was to seek alternate ways of 
reducing acid chlorides to aldehydes. House26 has listed acid chloride as 
very easily reducible, the product obtained being aldehyde (Table - I). 
Discussing details reflecting the selectivity of various reducing 
agents, LiAlH 4 has been reported to reduce acid chlorides to alcohol 109 
(Table - II). 
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TABLE- I 
Approximate order of reactivity of functional group 
in catalytic hydrogenation 
Functional group 
R-CO-Cl 
R-C=C-R 
R-CHO 
R-CH=CH-R 
R-CO-R 
R-C=N 
R-C0-0-R' 
R-CO.,Na 
Reduction product( s) 
R-CHO 
R-CHOH-R 
0 
Comments 
Most easily reduced 
With Pt catalyst, reduction IS 
accelerated by ferrous ion 
Ease of reduction is decreased 
by the presence of additional 
substituents 
Also partial reduction of 
other polycyclic aromatic 
systems 
Pt and Pd catalyst fails to 
effect these reductions. 
Least easily reduced 
Inert 
Substrate 
RCHO 
RCOR 
RCOCl 
Lactone 
RCH-CHR 
\I 
0 
RCOOR' 
RCOOH 
Rcoo-
RCONR' 2 
RN02 
ArNO") 
RCH=CHR 
TABLE- II 
The ease of reduction of various functional 
groups with LiAIH4 in ether 
Product Comment 
RCH20H Easiest 
RCHOHR 
RCH 20H 
Diol 
RCH2CHOHR 
RCH20H + R'OH 
RCH 20H 
RCH 20H 
RCH 2NR'2 
RNH 2 
ArN=NAr Most difficult 
Inert 
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However, they have been found to be inert towards boranes 110 
(Table- III). 
'TABLE- Ill 
The ease of reduction of various functional groups with borane 
Substrate Product Comment 
RCOOH RCH 20H Easiest 
RCH=CHR (RCH2CHR)3B 
RCOR RCHOHR 
RCN RCH 2NH 2 
RCH-CHR RCH 2CHOHR \I 
0 
RCOOR' RCH 20H + R'OH Most difficult 
RCOCl Inert 
ln a survey of reducibility of different functionalities by various 
reducing agents, acid chlorides have been listed to be reduced by all but 2 
of the 14 reagents listed which includes catalytic hydrogenation as well 111 
(Table - IV) 
As has already been stated acid chlorides are very prone to 
reduction. They are also very susceptible to nucleophilic attack on 
the carbonyl carbon because of combined - I effects of the halogen and 
oxygen atoms bound to the carbon. Further. chloride has also been classified 
as a good leaving group 112. 
TABLE- IV 
Reactivity of various functional groups with some metal hydrides and toward catalytic hydrogenation± indicates the borderline case. 
Rccations 
RCIIO -~RCII 2011 
RCOR~RCHOHR 
RCOCI _...ot RCHO 
~ RCH 20H 
Lactonc~diol 
Epoxidc~alcohol 
RCOOR'-~RC11p11+R'OII 
RCOOII~RCII2011 
RCHOO-:....;RCH 2011 
RCONR _.. RCH20H 
2 ~ RCHO 
RC=N-~RCH2NH2 
RNO -- RNH2 
2
---.., RN=NR 
RCII=CHR~RCH 2CH2R 
+ 
+ 
v 
E 
;;.... 
"@J 
-o 
t: 
+ 
+ 
+ 
+ 
+ 
+ 
v 
E 
;;.... 
Oil 
-o 
t: 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
t.L. 
:r: 
f-
:r: 
co 
+ 
+ 
+ 
+ 
± 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
± 
+ 
+ 
+ 
+ 
+ 
+ 
± 
± 
± 
+ 
± 
+ 
·= 
+ 
+ 
+ 
± 
± 
± 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
:r: 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
± 
+ 
:r: 
~. 
S' 
co 
' 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
c 
0 
·~ 
c 
u 
til) 
e 
-o 
;;.... 
.::: 
.!:! 
,E. 
~ 
'Cil 
u 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
a = Reacts with solvent, 
reduced in 
aprotic solvent 
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These characteristics have been exploited in the conversion of 
acid chlorides to esters, amides and anhydrides. A reagent which can 
provide a hydride ion can therefore react with an acid chloride 
substituting the chlorine with hydrogen to give an aldehyde. However, 
the possibility of over-reduction to a primary alcohol does exist and 
this is the product obtained on treatment of acid chloride with 
LiAlH 4 , a strong reducing agent. The preparation of aldehyde 
therefore requires the use of a mild reducing agent and mild 
conditions. The reducing characteristic of formic acid is rather mild 
which probably is the reason that comparatively less extensive use of 
it has been made as a reducing agent. It has also been rarely listed as 
a reducing agent, except wherein formic acid has been reported to be 
a hydride donor99 . 
Taking together all the facts stated above the possibility of 
reducing acid chlorides to aldehydes by formic acid appeared to be a 
distinct possibility. Matter of fact formic acid has been used to 
prepare aldehydes by making it react with other acids. In this 
procedure (orm i c acid and another carboxy 1 ic acid is heated over 
thorium oxide 113 • Also the classical text book reaction of conversion 
of acids to aldehydes involve the heating together of the calcium salt 
of the fatty acid with calcium formate. It has also been reported that 
passing vapours of formic acid and other carboxylic acids over MnO 
lead to formation of aldehydes. In these methods however concomitant 
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formation of ketones cannot probably be avoided as suggested in the 
following equations (45 and 46) . 
( 46) 
The reduction of acid chloride to aldehyde is problematic in 
basic condition where formic acid is converted into the corresponding 
salt. Salts of carboxylic acid readily react with acid chlorides to give 
the corresponding anhydrides (equation 47). 
CH 3COCI + HCOONa -----7 CH -C-0-C-H + N aC I 3 II II 
(47) 
0 0 
Investigations were taken into hand keeping the above stated 
points in view. In all the preliminary studies the acid chloride used 
was benzoyl chloride as the formation of aldehydes, if any. can be 
detected olfactorily. Initially formic acid was added to a solution of 
the acid chloride in chloroform. A vigorous exothermic reaction 
ensued though formation of no aldehyde could be detected. The 
reaction between aqueous solutions of sodium formate and benzoyl 
chloride was also not successful when examined. Modulation of the 
reaction conditions, viz: variation of temperature. change in 
concentration etc. did not alter the result. 
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It was then decided to apply the Schotten- Baumann conditions 
to this reaction. This procedure has been used in the conversion of 
acid halides to esters (equation 48). A base is usualJy used as an acid 
scavenger to combine with the halogen acid which is formed. If the 
base used is aqueous alkali this procedure is called Schotten-Baumann 
procedure 114 • Treatment of ammonia 115 or amines with acid halides to 
yield amides is also a closely related reaction. These reactions are 
highly exothermic in nature and have to be controlled by cooling or 
dilution or both. 
R-C-X + R'OH 
li 
0 
oH-
-~ R-C-OR' + HX + H.,O ( 48) 
II -
0 
It was then decided to use silver formate instead of formic 
acid. Paralleling Schotten-Baumann conditions the reaction was 
conducted in aqueous NaOH. Formic acid was added to cold sodium 
hydroxide. follov;ed by the required quantity of AgN0 3 to cause the 
precipitation of silver formate. To this chilled suspension of silver 
formate in sodium hydroxide was then added benzovl chloride in 
small lots. with constant shaking. After the addition \vas complete. 
formation of benzaldehyde was apparent from its distinct smell. 
However the difficulty faced in developing this reaction further was 
i n s t a h i I it v of s i I v c r form ate. w h i c h durin g the c ours e o f react i on 
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underwent decomposition. the white precipitate turning to grey and 
finally black. 
It was clear from the above exploratory experiments that 
conditions had to be suitably modified to make this approach a 
success. 
The following emerged from the experience of the preliminary 
experiments described above. 
(a) It is better that the reaction IS carried out in basic medium 
paralleling the Schotten-Baumann conditions. It was also assumed 
that the translocation of hydride ion shall be more facile in basic 
conditions. A parallel case of hydride transfer also takes place 
during self-oxidation reduction of formaldehyde in the Cannizarro 
reaction 116 which is conducted in the strongly basic medium of 50% 
KOH (equation 49). Formic acid when added to the basic solution 
2ArCHO 
KOH 
--7 ArCH"OH + Arcoo- (49) 
shall he converted into its salt and the cation could exert an 
electrophilic catalytic effect by pulling the ci- a\\a\' from the 
carbonvl carbon thereby. also increasing the electrophilicity of the 
carhol1\·l carbon. Thus the attack bv the hvdride ion is facilitated 
Je ad i n g t o an o v e r a II p u s h- p u II effect 1 1 7. 
(b) Secottd!y. the direct and immediate contact between the salt of 
form i c a c i d and an a c i d c h I or ide s h a II I e ad to the form at i on of the 
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anhydride. Conditions therefore have to be so devised that the 
contact between the reactants are minimised to reduce the possibility 
of the nucleophilic attack of the formate on the carbonyl carbon. It 
was therefore thought prudent to conduct the reaction in a biphasic 
medium. an organic soh·ent to dissolve the acid chloride and an 
aqueous base, paralleling the Schotten-Baumann conditions. Formic 
acid then could be added to the base. precluding the use of preformed 
salts. Additionally under these circumstances the absence of free 
formic acid would avoid any possible complications during the 
reactions and also make the \Yorkup of the reaction mixture 
considerably convenient by preventing the dissolution of formic acid 
in the organic layer. Under these conditions the minimal contact 
bet\, een the base and acid chloride shall also reduce the likelihood of 
hydrolysis of the acid chloride. and also formation of the amide if the 
base used is ammonium hydroxide. Thereby the reaction shall be. to 
the maximum extent possible directed towards the formation of 
aldehvdes. mmtmtsmg if not a\oiding side reactions. 
Preparation of Benzaldehyde 
Taking all the abcwe into consideration the benzoYl chloride 
was dissolved in chloroform (-:7°o wlv) and covered bv a layer of 
liquour ammonia (25°~'0) in a round bottomed flask. Nitrogen \Yas 
passed through this liquid to deoxygenate the solution. To this liquid 
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during stirring, was added formic acid gradually, taking care that the 
solution remained basic. The quantity of formic acid used was three-
times in relation to the acid chloride. The addition was done over a 
period of 45 minutes and the stirring continued further for a short 
duration. During the whole course of reaction a thin stream of 
nitrogen was passed through the reaction mixture. The contents were 
then transferred into a separating funnel and the chloroform layer 
separated. The organic layer was then washed with water to remove 
the residual ammonia. To the chloroform layer obtained was added 
dry sodium sulphate to remove all traces of water. The chloroform 
was then recovered to yield a liquid which could be identified as 
benzaldehyde on the basis of its characteristic smell. 
The liquid product when tested with aldehydic reagents gave 
positive results. Thus, it gave a silver mirror with the Tollens' 
reagent and a green precipitate with the Benedict's solution. 
Expectedly, as reported. it tested negative with Fehling's solution. 
From the above tests the presence of an aldehydic function in 
the liquid was apparent. The homogeneity of this liquid "·as further 
tested hy GLC. The chromatography was carried out using a glass 
column of carbowax-200 C maintaining the oven temperature at 
150°C. Ini: ially a known sample of benzaldehyde (BDH) was run and 
the retention time was found to he 4 minutes. A similar run of the 
isolated liquid also gave the retention time of 4 minutes and the 
nature of the peak showed no distortion. In order to further confirm 
the identity of the isolate the chromatogram was run hy using a 
mixture of the product and authentic benzaldehyde. In this case also 
a single peak appeared with the retention time of 4 minutes. 
Further confirmation of the isolate as benzaldehyde \\aS 
obtained by derivatisation. It formed a 2,4-dinitrophenylhydrazone. 
m . p. 2 3 5 - 2 3 9 o C w h i c h t a 11 i e d with the l iter at u r e v a I u e o f 2 3 7 o C 1 1 8 · 1 99 . 
It also formed a phenylhydrazone, m.p. 156-158°C comparable to the 
reported value of 158°C 118·119. The refractive index of the isolated 
liquid determined as 1.522 verv close to the reported value of 
1.5456118.119_ 
Examination of theIR spectra of benzoic acid. benzoyl chloride 
and benzaldehyde further provided proof to the i denti fi :at ion of the 
product as benzaldehyde. In the carbonyl region, the acid absorbed 
at 1710 cm- 1, the chloride at 1780 cm- 1 and the product at 1705 cm- 1• 
Futher there was no absorption in the hydroxyl region in both the 
cases of the benzovl chloride and the isolate. 
The final proof of the identity of the product was obtained from 
its NMR spectra determined in CDC1 3 . The deshielded aldehydic 
proton appeared as a singlet at 89.95 integrating for one proton and 
the five aromatic r ,. o tons at 7. 7 5 as a 2 H m u It i p 1 e t and at 7 . 5 as a 3 H 
multiplet. which \\as in total agreement with the published spectra of 
benzaldehyde 120 (VI). The yield of benzaldehvde ubtained \\as 
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extremely good, being recorded as 79%. Having thus succeeded in 
the attempt to convert benzoyl chloride into benzaldehyde using 
formic acid as the reducing agent. it became necessary to identify the 
conditions to optimise the yield. The variables in this reaction are 
the identity of the reactants. concentration of the reactants. the pH 
at which the reaction is conducted, medium of the reaction. the 
temrcrature at which the reaction is carried out and the atmosphere 
in which the reaction is conducted. 
ldentitv of the reactants 
Working onward from the preparation of benzaldehyde detailed 
above. the reaction conditions were varied initially by changing the 
reactants. The acid chloride being the substrate the reactant ,,·hich 
c an b c s u b j e c ted to c han g e was the red u c in g agent. W h en form i c a c i d 
is added to ammonium hydroxide the ammonium formate formed 
should be the actual reductant. The reaction was varied bv adding 
sodium formate to the ammonium hydroxide under conditions \\hich 
1w a m m o n i u m h y d r o xi d c s h a II be c on sum e d. U n de r these c o 11 d i t i o 11 s 
abo the reaction went ,·ery smoothly. Therefore it'' as concluded that 
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either of the two following conditions are equally successful v1z; 
(a) ammonium hydroxide + formic acid 
(b) ammonium hydroxide + sodium formate 
There was no perceptible difference in yields of the aldehyde in 
either of the conditions. However in the former instance. addition of 
ammonia might be necessary to maintain the basic nature of the 
aqueous medium. Another variation attempted was the use of NaOH 
(0.3 M) as the base instead of ammonium hydroxide. Comparable results 
were obtained in this case also. 
Concentration of the reactants 
The ammonium hydroxide used to start \Vith ,,·as of the 
concentration of 25%. Attempts at dilution of this led to the follo,ving 
difficulties: (a) the bulk of the aqueous phase increased and (b) the 
tendency to form emulsions was more prevalent. making the work up 
of this reaction mixture more troublesome. Increasing the 
concentration of the chloroform solution tended to reduce the yield. 
The concentration. depending upon the substrate. found most suitable 
,,·as 20 tn 30% (w/v). 
pH of the medium 
The pH of the aqueou~ medium was varied from 7-12 and the 
vield of the product examined. At pH 7. yield of the aldehvde was 
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insignificant. The pH was modulated by changing the concentration. 
of the ammonia and also by adding NH 4 CI to it. The observations 
recorded arc as follows (Table V; Graph I). 
TABLE- V 
pH medium yield 
7 water ~20% 
8 NH 1 50% 
9 NH 3 70% 
1 0 NH 3 79% 
1 2 NH 1 79% 
1 2 NaOH 79% 
It could be concluded from the above that the optimum pH at 
which the reaction can be conducted obtain the maximum yield is 10. 
Medium of the reaction 
The reaction being run in biphasic medium there are in essence 
t\H1 mediums. the organic phase and the aqueous phase. The conditions 
which would det~rmined the suitability of the organic medium are 
(a) its immiscibility \\·ith water. (b) tendency to form emulsion. (c) 
its 'olatility on ,,·hich the ease of work up the reaction mixture 
depended and (d) the temperature at which the reaction is carried out. 
100~-----------------------------------~ 
20 I 
o~----~----~-----------------------
6 7 8 9 10 11 12 
-----pH 
Graph I 
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Taking the above points into consideration, the solvents studied were 
ether and chloroform as the reactions were invariably conducted at room 
temperature. While both were efficacious and there was hardly any 
choice between the two except that. when ether was used. frequent 
replenishment was necessary to keep its volume constant. Therefore 
chloroform in the majority cases was found to be more convenient. 
In the case of the aldehydes which boil at temperature below the 
boiling point of chloroform. ether was found to be more appropriate. 
In the case of the aqueous medium, it had already been observed 
that the optimum pH at which the reaction is best conducted is lV. 
Hence it was decided to use the most easily accessible bases: 
ammonium hydroxide or sodium hydroxide. In both the mediums the 
reaction ran with equal facility and preference was accorded to 
ammonium hydroxide as solution of 25% concentration was easily 
a\ ail able. whereas solutions of sodium hydroxide of appropriate 
concentrations had to be prepared. However had their been side 
reactions leading to the formation of amides or amines. ammonium 
hydroxide would have been less suitable. As no such side reactions 
"ere found to take place. the aqueous basl: used was ammonium 
hydroxide. 
Temperature 
The reaction ran successfully at the ambient temperature. At 
higher temperatures the reaction did go faster. but the product was 
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accompanied by side products. However in certain instances it was 
found necessary to employ lower temperature to control the reaction 
as indicated by the rate of evolution of C0 2. The reaction was best 
run between 15 oc and 25 °C. in the majority of cases towards 25°C. 
Propionaldehyde 
The compound first prepared being an aromatic aldehyde, it 
''as then decided to examine whether this method would be equally 
applicable to prepare simple aliphatic aldehydes or not. Logically 
aceta I de hyde should have been the first to have been attempted to 
prepared. However anticipating the difficulty that would have to be 
encountered in isolating the aldehyde from the aqueous medium and 
by e\ aporating ether or chloroform as the case may be. because of its 
lO\Y boiling point, it was decided to try and prepare propionaldehyde. 
Propionoyl chloride was prepared by the treatment of propionic 
acid'' ith thionyl chloride. The chloride thus prepared was dissolved 
in ether ( ~0%: w Y) and coYered with a layer of ammonium hydroxide 
and both the layers deoxygenated by passing a stream of nitrogen 
through them. while the liquid was being stirred. Formic acid was added 
to the mixture gradually at room temperature. The addition was 
accompanied by effervescence indicating the eYolution of CO.,: which 
ceased after 40 minutes. The stirring was continued for another five 
minutes and the reaction mixture worked up bv washing the ether 
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layer, drying it over dry sodium sulphate and evaporating the solvent. 
The liquid thus obtained absorbed in IR at 1710 cm· 1 compared to 
1720 cm· 1 by the acid and 1800 cm· 1 by the chloride. Its aldehydic 
nature was evident from the positive reactions it gave with Tollens' 
and Fehling's solution. It also formed a 2,4-dinitrophenylhydrazone 
m.p. 152-56°C (155°C) 118· 119 compared to the literature value given in 
parenthesis. The homogeneity of the sample was confirmed by GLC on 
a column of carbowax-200 C maintained at 80°C when only one peak 
was obtained characteristic of the compound with the retention time of 
1.8 minutes. The liquid was thus identified as propionaldehyde (VII) 
on the basis of its refractive index of 1.3 76 against the reported value of 
1.3636 118· 119 . Compared to the acid chloride used, it was obtained in an 
vield of 79%. 
Butyraldehyde 
CH 3CH 2CHO 
(VII) 
The next preparation attempted was that of butvraldehvde. In 
- . 
this instance. butyryl chloride was obtained by the treatment of 
butyric acid \\ith thionyl chloride: the standard procedure. The acid 
chloride was dissolved in chloroform (20%: w;v). ammonium 
hydro\.ide {25%) added to it. the solutions deox\ ~enated by passing 
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nitrogen through them and three fold formic acid in relation to the 
quantity of the acid chloride gradually added to this biphase medium 
with continuous stirring till the evolution of C0 2 ceased i.e. 30 
minutes. The stirring \vas continued for another 5 minutes and the 
reaction mixture worked up to yield butyraldehyde (VIII) in 90% 
vield. Butyraldehyde (VIII) gave positive reactions with the Tollens' 
. . 
(VIII) 
and Fehling's reagents and was found to be homogeneous on GLC 
examination with a retention time of 6.12 minutes. The identity was 
finally confirmed from its observed refractive index of 1.411(1.379) 118· 119 
and the 2.4-dinitrophenylhydrazone prepared m.p. 118-24 oc which 
tallied with the value reported in the literature 123°C 118· 11 9. 
Ph enylacetaldeh yde 
The next aldehvde to be prepared was phenylacetaldehyde 
\\·hich carries a relatively bulky substituent on the a-carbon. The 
acid chloride in this case "as prepared by reacting phenylacetic acid 
'' i t h t h i on v I c h I or i d c under the cat a I v t i c in fl u en c e of 
dimethylformamide. The chloride. dissolved in chloroform ( 33%. w 'v) 
\\as co\ered with 25~'o ammonium hydroxide solution and the total 
liquid deoxygenated by passing nitrogen through it. The mixture was 
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stirred while nitrogen was being passed through it continuously and 
formic acid; thrice the quantity of the acid chloride gradually added to 
it. During this addition there was a persistent evolution of C0 2 and 
after C0 2 ceased to evolve. the mixture was further stirred for 
another 5 minutes, the total period of reaction being 50 minutes. The 
chi oro form layer was isolated, washed with water and dried over 
anhydrous sodium sulphate. Recovery of chloroform yielded a viscous 
liquid. This liquid responded to tests with aldehydic reagents. The 
product when examined by GLC was founed to be homogeneous with 
a retention time of 3.68 minutes. Identity of the product as 
phenylacctaldehyde (IX) was established by preparation of 2,4-
dinitrophenylhydrazone m.p. 126-28°C, which tallied with the reported 
C6H5-CH2-CHO 
(IX) 
m.p. of 126°C 118- 119 • The refractive index of this liquid was 1.536 
<1 !:! a ins t the reported v a 1 u e of 1 . 52 55 1 l8. 1 1 9. 
Is o b u ty raId e hyde 
In the cases discussed above, chlorides derived from aromatic 
or p ri m a r y a c i d s '" e r e s u c c e s s f u 11 y c on v e r t e d i n t o a 1 d e h y de s . 
Therefore it \\·as decided to e.\.amine the feasibility of converting 
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secondary acids through their chlorides into aldehydes. The treatment 
of isobutyric acid with thionyl chloride in the absence of any solvent 
conveniently yielded the acid chloride. To the solution of acid 
chloride in chloroform (27%; w/v) was added ammonium hydroxide 
(25%), the mixture deoxygenated by passing nitrogen and then three 
fold formic acid gradually added to the mixture with continuous 
stirring. Compared to the previous preparations in this instance the 
evolution of C0 2 was much more rapid and the reaction much quicker 
as evidenced by the lesser time of 25 minutes required for completion of 
the reaction. The product isolated from the chloroform layer gave 
positive tests with the aldehydic reagents and also was found to be 
homogeneous on GLC examination with a retention time of 4. 72 
minutes. The identity of the product as isobutyraldehyde(X) was 
CH 3-CH-CHO 
I 
CH 3 
(X) 
established by determination of the refractive index of 1.401 for it. 
against the reported value 1.372 118 · 119 . It also formed a 2.4-
dinitrophenylhydrazone m.p. 188-192°C which tallied with the 
reported value of 187°C 118.119_ 
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Pivalaldehyde 
Having observed that both the pnmary and secondary acid 
chlorides can be reduced to the corresponding aldehydes. it was but 
natural to examine whether tertiary acid chlorides also can be reduced 
to the aldehydes. Accordingly the most easily available pi\ aloyl 
chloride was examined from this Yiew. A solution of pivaloyl chloride 
(E. Merck) in chloroform (27%: \:v/v) was treated with ammonium 
hydroxide (25%) and to this deoxygenated mixture was added thrice 
the quan;ity of formic acid in relation to pivaloyl chloride gradually. 
continuing the passage of nitrogen through the liquid. In this case the 
eYolution of C02 was particularly fast and the reaction was completed 
within 20 minutes. Work up of this mixture in the manner described 
earlier yielded a liquid which tested positiYe to Tollens'. Fehling's 
and Benedict's reagents. The aldehyde so obtained was identified as 
pivalaldehyde (XI) on the basis of its refractive index of 1.398 as 
against the reported value of 1.3 79 118·119. Further the melting point of 
the 2.4-dinitrophenylhydrazone also tallied with the reported \ alue. 
viz: 207-2ll°C (209)1111.11 9 . 
CI-L 
·' 
CH, 
·' 
(XI) 
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Surprisingly, the tertiary acid chloride was the most easily 
reducible when compared to the secondary acid chloride which was 
more easily reducible than the primary. 
Mon ochloroacetaldehyde 
It was also necessary to identify the substituents and 
functionalities which can interfere in this reaction. Hence, it was 
thought desirable to check whether any halogen present in the 
substrate shall affect this reaction or not. Hence the chloride of 
chloroacetic acid was prepaed by treatment of monochloroacetic acid 
with thionyl chloride. The isolated acid chloride was dissolved in 
chloroform (27%; w/v), ammonium hydroxide (25%) added to it and 
the liquid deoxygenated. Three fold formic acid was added to it 
gradually \Vith stirring continuing the passage of nitrogen. The 
reaction was completed in 45 mintutes. Work up of the reaction 
mixture yielded a liquid which was found to be an aldehyde on the 
basis of its positive reactions towards common aldehydic reagents. 
GLC examination indicated it to be homogeneous \\·ith its peak 
appearing with the retention time 4.2 minutes. Identitv of this aldehvde 
. . 
was established as monochloroacetaldehyde(XII) on the basis of its 
refractive index 1.435 ( 1.403) 118· 119 and the 2,4-dinitrophenylhydrazone 
prepared m.p. 108-110°C. 
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(XII) 
2 -c h lo rop r.Q.lli.Dna ldehyd e 
Extending this approach of verifying the possible deleterious 
action of halogen present on the substrate in this reaction. the study 
\\as extended to 2-chloropropionic acid. The chloride prepared from 
this acid was reduced with formic acid using the general method 
described earlier. Recovery of chloroform gave a liquid found to be 
an aldehyde on testing with Tollens' and Fehling's reagents. It was 
a I so found to be homogeneous on G LC examination with a sharp 
peak appearing with the retention time of 6.8 minutes. The identity 
of this aldehyde was established as 2-chloropropionaldehyde(XIII) 
on the basis of its refractive index 1.441 ( 1.431) 118· 119 and the melting 
point of its 2,4-dinitrophenylhydrazone 13 7°C. 
Trich lo roaceta ldehyde 
CH,-CH-CHO 
_, 
CJ 
(XIII) 
111 continuatidn \Yith the studies conducted on monochloro 
substituted acid chlorides it \Yas also thought desirable to examine 
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whether trichloro acetic acid can provide the aldehyde through its 
acid chloride or not. In this instance a probable complication could 
he the formation of dichlorocarbene( XIV) by the interaction of 
trichloroacetic acid with the base present. The chloride derived from 
trichloroacetic acid was reduced with formic acid in the manner 
described above under nitrogen. The reaction was over in 50 minutes 
as indicated by the ceasage of evolution of CO..,. Evaporation of the 
. -
chloroform layer gave a solid along with a liquid. The solid melted 
at 53 oc and was identified as chloralhydrate m.p 55 oc 118· 119 (XV). 
C I o- Cl 
I 1J I 
c I-c'2 c = o -------"'- c 1-c : - ___ - > c 1-c : 
I I I 
Cl rCl Cl 
(XIV) 
Cl H 
I I 
Cl-C-C-OH 
I I 
ClOH 
(XV) 
The liquid portion was found to be an aldehyde on testing with 
aldehydic reagents. It \\as also observed to be homogeneous on GLC 
c.\amination \\·ith retention time of 2.28 minutes. It formed a 2.4-
dinitrophenylhydrazone m.p. 130-3-l°C ( 131 °C) and had a refractive 
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index I .449(1.45572) II!U 19 leading to its identification as trichloro-
acetaldehyde (XVI). 
Cl 
I 
Cl- C- CHO 
I 
Cl 
(XVI) 
It is evident from the preparation of chloroacetaldehyde, 2-
chloropropionaldehyde and trichloroacetaldehyde that chlorine if 
present in the substrate does not interfere in this reaction and this 
method can be used for the preparation of chlorine containing 
aldehvdes. 
Lauraldehyde 
Having successfully converted chlorides of primary. secondary, 
tertiary and chlorine containing acids of relatively lower molecular 
weight to aldehydes through their chlorides it was decided to examine 
the feasibility of preparing aldehydes of higher molecular weights 
starting ''ith the corresponding acids. Lauric acid \\·as first of this 
series examined. The chloride of lauric acid was prepared by refluxing 
a m i x t u r c o f t h ion y I c h I or i de an d I au r i c a c i d i n ben zen e for 6 hours . 
Evaporation of the solvent yielded lauric acid chloride which was 
d i s s o I v c d in c h I oro form ( 2 7 ° o: w v ) . Am m on i u m hydro x ide ( 2 5%) 
"as added to it \\bile the I iquid was being flushed ,,·ith nitrogen. 
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Formic acid in excess when added to this solution gradually, vigorous 
evolution of C02 took place. Because of the severity of this reaction 
it was found necessary to cool the reaction mixture. After several 
exploratory runs ultimately the reaction was conducted at 20°C. 
Against the average time of 45 minutes required for the reactions 
conducted earlier, in this case the time required was only 2 5 minutes. 
Recovery of the organic layer yielded a semisolid mass which 
re.s ponded positively to aId eh yd i c reagents. The a I dehy de was 
identified as lauraldehyde (XVII) on the basis of the melting point of 
its 2.4-dinitrophenylhydrazone 104-108°C (106°C) 11 8· 119 . 
Palmitaldebyde 
CH 3(CH 2 ) 10CHO 
(XVII) 
The next higher fatty acid examined on these lines was palmitic 
acid. In this case also the acid chloride was prepared by refluxing the 
palmitic acid with thionyl chloride in benzene. The acid chloride 
thus. obtained was dissolved in chloroform (27°;o: w/v). ammonium 
hydroxide (25%) added to it. and the total liquid deoxygenated by 
flushing with nitrogen. Formic acid in excess was added to the 
solution gradually. maintaining the temperature at 20°C. The reaction 
\\as completed in 20 minutes. The isolated product which tested 
positive for aldehyde was identified as palmitaldehyde (XVIII) on 
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the basis of the formation of its 2,4-dinitrophenylhydrazone m.p. 
107-110 oc (105-7 °()1J!i.lllJ_ 
Strearaldehyde 
CH 3(CH 2) 14CHO 
(XVIII) 
The C-18 fatty acid, stearic acid was the next acid which was 
tested. Treatment of the stearic acid with thionyl chloride in refluxing 
benzene for 6 hours yielded the acid chloride. To the solution of this 
acid chloride in chloroform (2 7%: w/v) was added ammonium hydroxide 
(25%) followed by gradual addition of excess of formic acid under 
nitrogen. In this case also e\'olution of C0 2 was extremely vigorous 
and hence the reaction had to be conducted at 20°C. The isolated 
"axy solid tested positive with aldehydic reagents and its m.p. 57-58°C 
corresponded to the reported melting point of steraraldehyde (XIX) 
55°C. It also formed a 2.4-dinitrophenylhydrazone m.p. 124-
1270C11x·119. 
Olealdehyde 
CH_,(CH 2 ) 16CHO 
(XIX) 
Wh i I c saturated fatty acids could he con\' crted into a I de In des 
rhrough their chlorides. it "as of interest to examine \Yhether 
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unsaturated fatty acids also would respond to this reaction or not. 
This would also identify the possible interference of isolated double bond 
in this reaction. Accordingly, the chloride of oleic acid was prepared 
by refluxing a mixture of oleic acid and thionyl chloride in benzene 
for 6 hours. The acid chloride thus prepared was dissoiYed tn 
chloroform (27%; w/v) and treated with formic acid in presence of 
ammonium hydroxide (25%) at 20°C. The reaction was oYer in 30 
minutes as indicated by the time by which C0 2 ceased to evolYe. The 
isolate reacted positively "ith the Tollens' and Fehling's reagents. 
The liquid was identified as olealdehyde (XX). on the basis of its 
refractive index of 1.456 ( 1.558) and the derived 2,4-
din itrophenylhydrazone m. p. 6 7- 70°C ( 6 7-68 oc) 11 8· 119. 
CH 3( CH 2) 7CH=CH(CH 2).,CHO 
(XX) 
10- Undecenaldehyde 
Another unsaturated acid examined was I 0-undecenoic acid. 
This acid also pro,·ided the chloride con\·eniently by refluxing it 
w it h t h i on y I c I l or i de i n ben zen e for 6 h ours . T h e a c i d chI or i de , vas 
treated in the same manner by reacting with ammonium hydroxide 
(~5°o) and formic acid as described aboYe. The time required for this 
reaction was 30 minutes at 20°C. The isolated compound gave 
positive reaction~ \\"ith Tollens' and Fehling's rea2.ents indicating it 
~ ~ 
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he an aldehyde. It was identified as 1 0-undecenaldehyde (XXI) on 
CH =CH-(CH ) -CHO 2 2 R 
(XXI) 
the basis of its refractive index 1.416 (1.4427) 118· 119 . It formed a 
2.4-dinitrophenylhydrazone 132-35 oc 
The easy formation of aldehydes from oleic acid and 10-
undecenoic acid indicated that isolated double-bonds do not hamper 
this reaction. 
Cinnamaldebyde 
It vvas of interest to examine whether a~-unsaturated acid 
chlorides also can undergo this reaction. The a~-unsaturated double-
bond in such aldehydes can undergo addition of hydrogen at the 3-4 site 
or unden.w 1-4 addition followed bv the formation of the saturated 
~ . 
aldehyde through keto- enol tautomerism of the 1-4 addition product. 
It "as then decided to examine cinnamic acid (XXII) to check 
Ct,Hs-CH=CH-COOH 
(XXII) 
the direction of this reaction. Cinnamic acid \\as conYerted into the 
chloride by heating with thionYl chloride in chloroform in the 
presence of catalytic quantity of dimethylformamide. The acid 
chloride obtained was dissolYed in chlorofon., (20°o: w, ). covered 
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\vith a laYer of ammonium hydroxide (25%) and treated with formic 
. . 
acid under nitrogen. The reaction was completed in 50 minutes. The 
isolated product had the characteristic smell of cinnamaldelydc. lt 
also tested positive with Tollens'. Fehling's and Benedict's reagents. 
The aldehyde was found to be homogeneous when examined by GLC 
(retention time= 2.95 minutes). The 2,4-dinitrophenylhydrazone of 
this aldehyde m.p. 202-205 oc (200-202°C) and its refractiYe index 
of 1.621 (1.619) 118· 119 Jed to its identification as cinnamaldehyde 
(XXIII). 
C6H5-CH=CH-CHO 
(XXIII) 
3.3 - Dimetbylacraldehyde 
The 3.3- dimethylacrylic acid (XXIV) which also has similarly 
CH, 
_, 
I 
H,C -C=CH-COOH 
_, 
(XXIV) 
s i t u ate d fun c t i on a I it i e s as c i 11 n am a I de hyde " as the 11 e :--.:a m i n e d to 
confirm that a~ - unsaturated aldehydes can he deriYed form a~-
unsaturated acid chlorides by this method. The acid chloride of 3.3-
dimcthylacrylic acid \\as prepared by heating a solution of this acid 
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111 benzene with thionyl chloride. The acid chloride obtained was 
dissolved in chloroform (33%; w/v) and treated with formic acid in 
presence of ammonium hydroxide (25%). The total time required for 
the reaction was 45 minutes. The product of the reaction was detected 
to he an aldehyde by its characteristic reactions with Tollens', 
Fehling's and Benedict's reagents. The GLC examination of this 
aldehyde in which the retention time was detected to be 2.2 minutes 
also confirmed its homogenity. It formed a 2.4 -c!initrophenylhydrazone 
m.p. 155-158°C. Its identity as 3.3-dimethylacraldehyde (XXV) was 
also established by the determination of its refractiYe index 1.457 
( 1 . 4 55 8) I I S.ll9. 
Ph eny lpropiolaldehyde 
CH 3 
I 
H 3C-C=CH-CHO 
(XXV) 
While in the previous t\\·o instances cited. the a~- unsaturated 
a c i d s were found to be e as i I y red u c e d to t h e correspond i n g a l de hydes. 
it \Yas also of interest to examine whether a~-ynic acid chlorides also 
shall undergo a similar reaction or not. Hence. the chloride of 
phenylpropiolic acid (XXVI) was prepared bY treating \\ ith thionvl 
C1 H--C=C-COOH ) ~ 
(XXVI) 
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chloride in refluxing benzene. The chloroformic solution (20%: w/v) 
of the chloride on the usual treatment with formic acid in presence 
of ammonium hydroxide (25%) yielded a liquid. This was found to be 
an aldehyde on the basis of positive reactions towards Tollens', 
F eh I in g' s and Benedict's reagents. The aide h vde was identified as 
~ .._ . 
phenylpropiolaldehyde (XXVII) by determining its refractive index of 
1.599 ( 1.6079) 118· 119 and 2,4-dinitrophenylhydrazone 1 88-90°C. 
(XXVII) 
From the last three preparations reported viz: cinnamaldehyde, 
3.3-dimethylacraldehyde and phenylpropiolaldehyde it is evident that no 
type of unsaturation situated a~- to the acid function interferes in 
this reaction and the aldehydes obtained in all these cases tested 
carried a~ - unsaturation. 
The results of what are reported above are provided in Table VI. 
Summarising the results of the preparation of the aldehvdes described 
above. it transpires that : 
(a) this method ofprt:paration of aldehydes from acid chlorides is viable 
and the yields of the aldehydes obtained are uniformly above 75°'o: 
(h) the reagents required for this conversion are commonly accessible 
and are inexpensive: 
TABLE -VI 
Reaction Condition Characteristics 
2.4 Dinitro- Yield 
;\ ldchnks Time Solvent Tolil:ns' Fehling's Benedicts' Refractive phenylhy- (%) 
(min) test test test Index drazone 
Prorioah.khyde 45 Ether +vc +vc -ve l.376 152-156 79 
[1.3636] [ 15 5] 
Butyraldehyde 35 Chloroform +ve +ve -ve 1.411 118-124 90 
[ 1.3 79] [ 123] 
Lauraldehyde 25 Chloroform +ve +ve +ve 104-108 96 
[106] 
Palmitaldehyde 20 Chloroform +ve +ve +ve 107-110 95 
[105-7] 
Stearaldehydc 20 Chloroform +vc +ve +vc 124-127 94 
Iknzaldchydc 50 Chloroform +ve -ve +ve 1.522 235-39 79 
l \ .54561 £237] 
Phcnylacct 50 Chloroform +vc +vc +ve 1.536 126-128 80 
aldehyde r 1.52551 r 1261 
Monnch lornal:ct- 45 Chloroform +vc +vc +vc 1.435 108-110 82 
aldehyde [1.403] 
2-( 'h loropropi on- 45 Chloroform t-ve +ve -ve 1.441 13 7 Dccomp. 79 
alddrydc 11.4311 
·1 richloroacct 50 Chloroform +ve +vc +vc 1.449 130-34 7(1 
aldehyde 11.455721 [ 13 I] 
I along with ch lo ralhydrate I 
I 0-1 lndcccnal- 30 Chloroform i ve i Ve -ve 1.416 132-35 91 
dchydc [ 1.4427] 
Olcalddlvde 30 Chloroform +vc +vc -ve 1.456 67-70 91 
[ 1.45581 [67-8] 
I )imcthyi<Jcr- 45 Chloroform +ve +ve +ve 1.457 155-58 86 
aldehyde [ 1.4528] 
Cinnamaldehvde 50 Chloroform +vc +ve +ve 1.621 202-205 90 
[1.619] [200-202] 
Phenylpropiol- 50 Chloroform +vc +vc +ve 1.599 188-190 79 
aldehvde r 1.60791 
lsohutyraldehyde 25 Chloroform +ve +vc +ve 1.40 I 188-192 86 
[\.372) [187] 
Pivalaldehyde 20 Chloroform +ve +vc +vc 1.398 207-211 85 
j\.379] 1209] 
Note : a. Yields of aldehydes arc as isolated 
h. Literature values arc given in parentheses. 
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(c) the reaction conditions are very simple and the exclusion of moisture 
or low or high temperatures arc not required, as is the case with the 
other comparable methods; 
(d) time required for the reaction is small and uniformly less than an hour; 
(e) this method is equally applicable to aromatic and aliphatic acid 
chlorides. 
(f) presence of unsaturation, whether isolated or located at a~-position 
of the substrate do not hamper this reaction and the corresponding 
unsaturated aldehydes are obtained in good yields: 
(g) halo2:en containing: acid chlorides underg:o reduction to the ~ ~ ~ 
corresponding aldehydes in a facile manner: 
(h) primary. secondary and tertiary acid chlorides undergo easy reduction 
to the corresponding aldehydes and the order of reactivitY ts 
tertiary > secondary > primary; 
(i) in the fatty acid series. the higher fatty acid chlorides are more 
reactive than the lower members. 
This method. hence. can develop into a general method of preparation 
of aldehydes. Additionally this process holds the promise of being scaled 
up as an industrial method. 
Mode of reaction 
The reaction can he basically considered to be a substitution 
process in which the chlorine in the substrate is subst tuted by a 
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hydride (equation 50). The feasibility of such a reaction taking place 
0 
II 
H- + R-C-CI 
0 
II 
R-C-H + cJ- (50) 
is extremely likely in case of an acid chloride as the carbonyl carbon 
is a highly electron deficient centre as it carries two strongly 
electroncgetive atoms. This high electrophilicity would make it 
highly susceptible to attack by a n uc leophi I e. The fac i I e con,·ersion 
of the acid chi orides, the most reactive of acid deri\· ati ves. to esters. 
amides and anhydrides are supposed to take place through such 
nucleophilic substitution processes. 
Metal hydrides which are commercially a\'ailable are the 
con,·entional sources of hydrides. Such reagents. however. shall not 
be successful in this case as the aldehyde which is generated following 
the nucleophilic substitution can further add a hydride to form an 
alcohol (equation 51). The reducing agent hence has to be relativelv 
mild in character in order to stop the reaction at the substitution 
o-
1 
R-C-H 
H 
\51 ) 
stage. SC\ era! metal hydrides like LiA I H 4 and NaBH 4 have been 
modified to reduce its activit\. One such modified rea2.ent is lithium 
. ~ 
-tri-t-hutoxyaluminium hydride (XXVIII). Expectedly this reagent has 
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(XXVIII) 
been found to reduce acid chlorides to aldehydes. This reduction can 
be carried out in diglyme, the preferred temperature being 0°C. The 
reaction in this case stops at the aldehyde stage because of steric 
hindrance. 51 
The idea which gave rise to this reaction was the possibility of 
using formic acid as a hydride donor which could interact with an 
acid chloride through a cyclic transition state (equation 52). This 
~0 H 
R-cV+-'c=o 
t:~j 
0 
'I I. 
R-C +CO., +HCl 
I 
H 
(52) 
possibility when examined experimentally, with formic acid and an acid 
chloride gave no aldehyde. Probably what was generated was a mixed 
anhydride which hydrolysed during work up (equation 53 and 54). 
0 0 0 0 
II II II II 
R-C-Cl + H-C-OH ~ R-C-0-C-H + HCl (53) 
0 0 0 0 
II II II 
R-C-0-C-H + H.,O ~ R- C-OH + H-C-OH (54) 
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As explained earlier, in order to minimise the contact between 
the reactants which otherwise leads to the formation of anhydrides, 
it was thought desirable to have the two reactants in two different 
phases and stir them to bring the reactants into contact. Benzoyl 
chloride was thus dissolved in chloroform and formic acid in water. 
Prolonged stirring of this mixture (over 6 hours) resulted in the 
formation of benzaldehyde in an yield of 20%. 
It was then decided to approach this reaction from a different 
angle, by adopting the Schott en- Baumann conditions. Water was then 
substituted by aqueous base. Addition of formic acid to aqueous base 
shall result in the formation of the salt of formic acid. The cation can 
attract the chlorine of the acid chloride a\:vay from the carbon. This 
further electron depletion from the carbonyl carbon can increase the 
electrophilicity of the carbonyl carbon facilitating the attack by a 
nucleophile on this carbon. Such a syndrome has been classified as 
a push - pull machanism 117 . 
Under these altered concitions. wherein benzoyl chloride in 
chloroform reacts with formic acid in ammonium hYdroxide. and assuming 
- ~ 
the reaction to proceed. again. through a cyclic process the reaction can be 
depicted as below (equation 55). Benzaldehyde in this case was obtained 
in an yield of 79°;'0. 
73 
(55) 
Such a cyclic transition state (XXIX) has been reported in the 
formation of ketones in the reaction between an acid chloride and a 
Grignard reagent in presence of cuprous chloride 121 • 
0 
1 II 
R-C-Cl Mg 
2;~ \ 
R-Cu-X X 
&+ Cl--Mg 
/ ' ; ' 
R:..c / '·x 
' " 
', 2 6-;,,"' 
'R ---Cu 
... 
', 
'X 
(XXIX) 
Though not exactly analogous" the reduction of carbonyl 
compounds by the Meerwein-Ponndorf - Verley reduction has also 
been postulated to take place through a cyclic transition state 
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(XXX) 
However an opmwn persists that concerted displacement at 
sp 2 centres are not usually valid 123 . If this opinion is taken to be 
correct. one of the alternatives shall be as below (equation 56), though 
in thi5 case the competitive reaction involving the nucleophilic 
attack by the acid anion on the carbonyl carbon should exist with the 
formation of some quantity of the anhYdride. 
0 0 
:,;: II 0 R-C-Cl + H-c-o-~
0 
I i 
R-C-H + CO., + ci- (56) 
Another pathway could involve a tetrahedral mechanism 124 
(equation 57) ,,·hich in this instance can be interpreted as below. 
involving addition of the hydride and the departure of the halide. 
~ 
R-C-Cl +H-~ 
(~ 
H 
I 
H 
I 
R-C-Cl 
I 
0-
H 
It": 
R-C-Cl ~ R-C + ct-
1:~ 0- li 0 
75 
(57) 
Whatever may be the actual path through which this reaction 
proceeds. the decomposition of the formate has to result in the 
liberation of C02. Similarly the expulsion of chloride has to take 
place from the acid chloride. These aspects were checked and the 
GLC examination of the gases generated during the reaction was 
found to contain C0 2 . The identity of C0 2 was confirmed by 
comparison with a standard sample. The aqueous solution obtained 
after removal of the chI oro form layer was acidified with d i I u te 
HNO_, followed by addition of silver nitrate. A copious precipitate 
which was thus obtained was soluble in excess of ammonia. The 
precipitate did not sho''" any change in colour to grey follo\\ed by 
black a~ would have been the case had the precipitate been siher 
form ate. The pos tu I a ted products of the react ion. CO 2 and chI ori de 
having been thus identified. whatever may be the reaction path'' ay. 
it i s cl ear that form i c a c i d i s being ox i d is e d to C 0 2 an d t h c a c i d 
chloride reduced to the aldehyde. 
REDUCTION OF ACID 
CHLORIDES 
TO ALDEHYDES 
BY CATALYTIC TRANSFER 
HYDROGENATION 
CATALYTIC 
TRANSFER 
HYDROGENATION 
CATALYTIC TRANSFER HYDROGENATION 
Catalytic hydrogenation is probably the most commonly used 
method of reduction in organic chemistry. It is effected by treating a 
solution of a compound with a heterogenous catalyst in presence of 
hydrogen. Variables in this proce~s are catalysts and solvents. More 
recently availability of soluble catalysts have made it possible to carry 
out the hydrogenation in a homogenous system. Hydrogenation can result 
in addition of hydrogen to the substrate or hydrogenolysis. 
Transfer hydrogenation differs from the classical catalytic 
hydrogenation in that gaseous hydrogen is not used and instead certain 
chemicals are used which donate hvdrogen to the substrate resulting in 
. '- '-
addition or hydrogenolysis. This method has the advantage of not having 
to use gaseous hydrogen and the consequent prevention of the likely 
hazards. The substance which donates hydrogen to the substrate is known 
as the donor. The substrate which accepts hydrogen is known as the 
acceptor. 
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Though sporadic reports have been made earlier citing examples of 
transfer hydrogenation. it was only 1952 that systematic studies were 
taken up to develop this method 125 . It was reported that ethylenic and 
acetylenic bonds can he reduced by refluxing with cyclohexene in 
tetrahydrofuran in presence of platinum black as the catalyst. In this 
reaction cyclohexene is the donor and unsaturated compounds the acceptor. 
As in the case of catalytic hydrogenation in this process also homogenous 
catalysts have been successfully tried out 126· 127 . Carbon-carbon double 
bonds located in hydrocarbons, acids, ketones. aldehydes. esters and 
nitriles have been successfully reduced by this method. Though the 
carbonyl group is resistant to reduction, when Raney-nickel is used as a 
catalyst with alcohol as the donor, it also has been reduced to methylene. 
Hydrogenolysis have also been achieved by transfer hydrogenation. 
The carbon-nitrogen triple bond is normally reduced to a methyl group. 
Halogens in organic compounds also undergo hydrogenolysis including 
those bound to an aromatic ring. Allylic and benzylic functions also 
expectedly undergo hydrogenolysis by this method. 
In spite of the easy reducibility of acid chloride and the apparent 
reluctance of the carbonyl group to undergo reduction only one case of 
the reduction of an acid chloride to an aldehyde had been reported and 
that too in very small yield 128• 
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classified the effects of the variables involved in this reaction, which can 
be summarized as below. 
J. Solvent - Certain terpenes, aromatic hydrocarbons. lower fatty acids, 
alcohols. ethers and amines have been variously used as solvent. Gaiffe 
and Plotiau 130 , have reported the particular efficiency of tetrahydrofuran 
as a solvent. The choice of alcohol as a solvent has to be made carefully 
as it can also act as a hydrogen donor. Another aspect to be considered is 
the temperature at which the reaction has to be carried out. because the 
donors are reluctant to act below a critical temperature which are specific 
for different donors. 
2. Catalyst - It appears that the maximum work. on catalysts have been 
done on palladium. Various forms of palladium used are Pd-Black. Pd/C, 
Pd/ Alumina. 10% Pd/C. 1% Pd/CaCO~. 0.1% Pd/ AL,O~. Pd Cl, or Pd/Pt. 
- - - -
In a study on the hydrogenation of p-nitrotoluidine it was obserYed that 
Pd-catalysts are more effective than others. 
Rane,· - nickel is another catalyst which has been \Yidely used. 
Addition all v. c a ta 1 Y s ts used for trans fer hYdro !len at ion are the 
. . ~ 
ruthenium complex the iridium complexes 
lrHCl 2 (Me 2 S0)~ 12 h.I:.'LJ.l.3l_ lriCO)Br (Ph 3P) 2 132 • the rhodium complex 
R h C 1 ( Ph, P ) 3 1 3: and the p 1 at in um com p 1 ex P t C 1, ( P lL As ) , '"it h 
- _, -
SnCI,.H,0. 1-'-' 
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3. Temperature - Normally the temperature depends upon the donor, 
though at higher temperature the reaction cannot be controlled and it has 
been observed that even benzene can be totally hydrogenated 
intocyclohexane. 134 
4. Donor - The choice of donor is generally determined by the ease of 
reaction. solubility of the substrate and availability. Cyclohexene is a 
preferred donor because of its ready availability and high reactivity. 
Tetralin (XXXI), the readily available monoterpenes. limonene(XXXII), 
terpinolene(XXXIII) or a-phellandrene(XXXIV) are also used commonly. 
(XXXI) (XXXII) (XXXIII) (XXXIV) 
However. ,,-here reduction of carbonyl groups are required alcohols are 
the donors of choice. In the re,ie'v by Brieger G. and Nestrick T.J.129 
formic acid has been shown to have very low preference and that too 
preferably when soluble catalyst are used in conjuction. However. formic 
acid has been reported to be an effective donor for hydrogenolysis of 
benzyl type protecting groups from peptide. l.i5 
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In continuation with our earlier work reported on the conversion of 
acid chlorides to aldehydes. we decided to explore the possibility of 
modifying the Rosenmund reduction hy employing transfer hydrogenation 
using formic acid as donor, in lieu of catalytic hydrogenation. The 
success of this approach would have depended upon the catalyst. 
Most of the catalysts reported to he used except the homogenous 
complex ones are readily available in the market and mainly are of 
standard compositions. In the proposed reduction of acid halides to 
aldehydes the most commonly used catalyst of Pd has not been found to 
be successful 128 • It ,,·as thought desirable therefore to prepare other 
catalysts and alter the composition to suit this purpose. 
In the context of this reaction our attention "·as attracted to the 
Urushibara nickel catalvst (abbreviated as U-Ni) discovered bv Urushibara 
- -
and Chuman u 6 . This work was followed up by K. Sakai et al who 
examined the catalytic characteristics of the precipitated nicke 1. a precusor 
of theU-N i. L'- They also examined other precipitated metals (abbreviated 
as ppt-metals) and mixed precipitated metals. beside providing details of 
preparation and properties of such catalvsts. Activities of the catalvsts 
- -
examined were graded and were reported as ppt - N i - Co > ppt - N i > ppt 
- Ni- Fe> ppt- Co> ppt- Ni- Cu > ppt- Cu > ppt- Fe. SUQ.Q.esting that 
-- .... 
the activitv of catalyst can be modulated by choosing the proper 
combination of metals. However. they had stated that to carry out 
reduction by these catalysts \\·ater \\as indispensable as a hydrogen donor. 
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Assuming that the polarity of water is what makes it indispensible 
to carry out reduction with these catalysts, we decided to examine these 
precipitated metals in presence of formic acid. The precipitated N i and Cu 
catalysts were therefore prepared and acid chloride treated with formic 
acid in presence of trimethylamine as an acid scavenger. There was no 
perceptible reaction when the acid chloride and formic acid were mixed 
together, but immediately on addition of the catalyst there was brisk 
effervescence. On slowing down of this effervescence the mixture was 
warmed on the water bath for varying degrees of time. Final work up of 
this mixture shmved that aldehydes were indeed formed. SeYeral aldehydes 
were prepared by this method as described subsequently. 
CURRENT WORK 
CURRENT WORK · 
Synthesis of Aldehydes by catalytic transfer hydrogenation 
Benzaldehyde 
Formic acid (2.76 gm) and excess trimethylamine were taken in a 
round bottomed flask and to this gradually added a solution of benzoyl 
chloride (2 gm) in benzene (1 Oml) not allowing the temperature to rise 
very high. To this mixture, cooled to room temperature was added 1 gm 
of ppt-Ni catalyst (Ni : Zn ; 1:1) with continuous stirring. A vigorous 
reaction ensued and after the evolution of the gas subsided the whole 
mixture was heated for 1 hour. The catalyst was filtered off from the 
reaction mixture and the filtrate washed with water and the benzene 
solution so obtained dried over anlydrous sodium sulphate. To this dry 
benzene solution was added 2,4 - dinitrophenylhydrazine hydrochloride 
and the hvdrazone formed filtered, dried and crYstallized from alcohol. 
. . 
The yield calculated on the basis of the phenylhydrazone was found to be 
73%. 
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With use of ppt-Cu catalyst (Zn : Cu ; I : I), the basic procedure 
was the same except that the reaction mixture was heated for 1.5 hours. 
The yield obtained in this case was 76%. 
Butyraldehyde 
Using basically the same procedure butyryl chloride was treated 
with formic acid and trimethylamine in benzene in presence of ppt-N i 
catalyst for I hour. The aldehyde formed isolated in the form of 
2,4-dinitrophenyhydrazone was obtained in 66% yield. 
When ppt-Cu catalyst was used the time required was 1.5 hours and 
the yield of the aldehyde 70%. 
Isobutyraldehyde 
The isobutyryl chloride was slightly more sluggish to react and in 
presence ofppt-Ni catalyst. the time required was 1.5 hours. The aldehyde 
was obtained in an yield of 7 5%. With ppt-Cu catalyst the reaction had to 
be run for 2 hours. and the yield of the aldehyde formed was 77%. 
Pivalaldehyde 
In the reduction of piYaloyl chloride by formic acid in presence of 
ppt- Ni catalyst the time required for the reaction \\·as 1.5 hours and the 
yield 77~0. With the ppt- Cu catalyst 2 hours were required to complete 
the reducl ion. The yield of pi\·alaldehyde was 81%. 
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Stearaldebyd e 
In order to check the probability of reduction of higher fatty acid 
chlorides, the stearic acid chloride was reduced by using ppt- Ni catalyst 
over a period of 1 hour. The aldehyde was obtained in an yield of 81%. 
The ppt - Cu catalyst was effective though the duration of the reaction 
was 2 hours. In this case the yield was better at 86%. 
Reduction of unsaturated Acid Chloride - Oleoyl Chloride 
In order to examine whether double bond will be affected by this 
reducing agent or not. oleoyl chloride was treated with formic acid in 
presence of ppt - N i catalyst. As was observed in previous cases there was 
brisk evolution of C0 2 and the reaction was completed in I hour. When 
ppt-Cu catalyst was used the reaction took 2 hours for completion. 
Aldehydes obtained in both cases formed the same 2,4-dinitrophenyl-
hvdrazone which was identified as the 2.4-dinitrophenylhydrazone of 
stearaldehyde. Yields obtained in the former case was 83% and in the latter 
74%. It is hence apparent that the double bond in oleic acid is hydrogenated 
along with the hvdrogenolvsis of the C-CI bond of the acid chloride. 
'- ... "- .. 
Cinnamoyl Chloride 
Oleic acid carries an isolated double bond which is reduced under 
the reaction conditions. It was therefore thought proper to examine an 
cx.B-unsaturated acid chlorideas well. Accordingly cinnamoyl chloride 
"as reduced with formic acid in presence of ppt-Ni and ppt-Cu catalysts. 
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Time required in the former case was I hour and in the latter 2 hours. 
Yields obtained with ppt-Ni catalyst was 78% and ppt-Cu catalyst 73%. 
Product obtained in both these runs were identical and gave the same 2.4-
dinitrophenylhydrazone m.p. 150-154°C (151-152) 118· 119, though not of 
cinnamaldehyde. A survey of literature made it possible to identify the 
aldehyde hydrocinnamaldehyde. 
It is evident from the above discussion that -
l. Transfer hydrogenation can be used instead of catalytic 
hydrogenation for the Rosenmund reduction of acid chlorides. 
2. The precipitated metal catalysts are effective in the preparation 
reduction listed above. 
3. Precipitated metal catalyst of varymg compositions can be 
prepared very conveniently in the laboratory. 
4. Though the activities of the catalysts used have been classified as 
ppt-Ni > ppt-Cu 137• in this reaction better yields were obtained with 
ppt-Cu catalyst except in the cases of unsaturated aldehydes. As can 
be expected with acid chlorides which are very easily reducihle. a 
milder catalyst should give better yields while a stronger catalyst 
can cause over-reduction. 
5. Based on the preparation of seven aldehydes listed above it can be 
concluded that 
(a) primary. secondary. teniary and aromatic acid chloride can 
be conveniently reduced to aldehydes in very good yields. 
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(b) The double bond present m unsaturated acid chlorides, 
whether isolated or conjugated, are concomintantly 
hydrogenated to give rise to saturated aldehydes. 
Summary of the experiments performed using catalytic transfer 
hydrogenation is provided in the table VII. 
TABLE- VII 
Acid chloride Reaction lime (Catalyst) Solvent 
ppt-Ni ppt-Cu 
Ben1.oy\ ~.:hloridc hour \.5 hours Benzene 
Butyryl chloride hour 1.5 hours Benzene 
lsobutyryl ~.:hloride 1.5 hours 2 hours Benzene 
Pivaloyl chloride 1.5 hours 2 hours Benzene 
Stearic acid- I hour 2 hours Benzene 
chloride 
Olcoyl chloride hours 2 hours Benzene 
Cinnamoyl chloride hours 2 hours Benzene 
Product 
obtained 
{Aldehyde) 
Benzaldehyde 
Butyraldehyde 
Isobutyraldehyde 
Pivalaldehyde 
Stearaldchydc 
Stearaldchyde 
Hydrocinnamal-
de hyde 
% yield of 2.4-
Din i tropheny lhydra 
zone 
ppt-Ni ppt-Cu 
73 76 
66 70 
75 77 
77 81 
81 86 
83 74 
78 73 
EXPERIMENTAL 
EXPERIMENTAL 
Melting points were determined on a Kofler block and are 
uncorrected. IR spectra were recorded in KBr/Nujol/neat on a IR-408 
Shimadzu spectrophotometer. 1H-NMR were determined on Hitachi Perkin 
Elmer (80 MHz) instrument in CDC13 using TMS as internal standard, and 
chemical shifts recorded in o values relative to TMS assigned at zero. The 
refractive indices were measured on Abbe refractometer using visible 
light (electric bulb) with temperature maintained at 20-25 oc. Slight 
deviations in the observed values in relation to the reported ones are thus 
explained. 
The Gas chromatograms were determined on a Nucon Gas Chro-
matograph using a glass column of carbowax-200 C maintaining the oven 
temperature above the boiling point of the aldehydes. TLC were carried 
on silica gel G254 (E. Merck). Iodine or 2.4-dinitrophenylhydrazine were 
used for visualization of TLC plates. 
The aldehydic reagents- Tollens'. Fehling's and Benedict's used for 
testing prepared aldehydes were of Analytical reagent grade (BDH or Qualigen). 
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General experimental procedure - Preparation of acid chlorides 
The acid chlorides were prepared by standard methods from the 
corresponding acids. The acid (0.1 M) was dissolved in benzene or 
chloroform (20 ml) and to this thionyl chloride (0.15 M) added. Where 
required dimethylformamide was used as a catalyst. The mixture was 
refluxed for varying degrees of time till the evolution of HCI ceased. The 
solvent was evaporated to give the acid chloride \Vhich was distilled 
before used. 
Derivatisation 
Phenylhydrazone- Phenylhydrazine hydrochloride solution was prepared 
by dissolving phenylhydrazine in ethanol and concentrated HCl added to 
it. The solid phenylhydrazine hydrochloride obtained thus was crystallised. 
Phenylhydrazine hydrochloride (5 gm) and sodium acetate (8 gm) were 
dissolved in water (50 ml) to obtain a stock solution. To an aliquot of this 
solution an alcoholic solution of the aldehyde was added and stirred till a 
clear solution was obtained. The whole mixture was warmed on water bath 
for 20 minutes. cooled and filtered to obtain a solid which was crystallised 
from ethanol. 
2.4 - Dinitrophenylhvdrazone - To the clear solution obtained bY 
. . 
warming 2.4-dinitrophenylhydr<lzine. HCI ( 1 ml) and ethanol ( 8-10 ml) 
the aldehydic solution was added and the mixture heated to hoi!. This 
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mixture was cooled and filtered to obtain the solid 2,4-
dinitrophenylhydrazone which was crystallised from ethanol . 
General experimental procedure for aldehyde synthesis : 
The prepared acid chloride (3-5 gm) was dissolved in chloroform 
(15 ml) and the solution deoxygenated by bubbling N 2 through the 
solution. This solution was covered by ammonium hydroxide (25%) 
follO\ved by gradual addition of formic acid (excess : three fold over acid 
chloride), the whole mixture being stirred for varying degrees of time 
under N 2. The reaction was monitored on the basis of evolution of C02. 
When the C02 evolution ceased, the reaction mixture was stirred for 
another 5 minutes. The organic layer was separated washed with water 
and dried over anhydrous sodium sulphate (Na2 SO 4). The product was 
obtained by evaporating the solvent under nitrogen to prevent the possible 
aerie! oxidation of aldehyde formed. 
Tests for Aldehydes 
I. Tollens' Test - 2 ml of Tollens' reagent along \\·ith few drops of 
isolate was shaken well and heated on a water bath. A silver- mirror or a 
greyish black ppt confirmed the presence of the aldehyde function. 
II. Fehling's Test - lml of isolated solution together with 2 ml of 
freshly prepared Fehling's solution obtained by mixing l ml of Fehling's 
solution A with 1 ml of Fehling's solution B wa<> warmed. A positive 
response was indicated by the appearance of a red precipitate. 
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Ill. Benedict's Test- 5 ml of Benedict's reagent along with 0.5 ml of 
isolated solution was heated together directly on a flame. A red I yellow 
I green colour indicated a positive response. 
Benzaldehyde 
1. Reactants : Benzoyl Chloride ( 4 gm; 0.028 M) in chloroform (15 ml), 
ammonium hydroxide (25%; 30 ml), formic acid ( 4.6 gm; 0.1 M), 
reaction time 50 minutes, Yield 79% 
Tollens' test Positive 
Fehling's test Negative 
Benedict's test Positive 
Refractive index 1.522 
Phenylhydrazone mp : 156 - 58°C 
2.4 - Dinitrophenylhydrazone mp : 235 - 39°C 
GLC (Solvent: chloroform) : Retention time 4 minutes 
IR (KBr) u 
111 ax 
1705 cm· 1 (C=O) 
1H-NMR (CDCL) 
·' 
8 7.5 ( m. 3H). 7. 75 (m. 2H). 
9.95 (s,IH) 
2. Reactants : Benzoyl Chloride ( 4 gm; 0.028 M) in chloroform ( 15 ml). 
ammonium hydroxide (25%: 30 ml). sodium formate (6.8 gm: 0. I M) in 
distilled water (5 ml): reaction time 50 minutes. Yield 75% 
Tollens' test Positive 
Fehling's test Negative 
Benedict's test 
Refractive index 
Positive 
1.522 
Phenylhydrazone mp : 156 - 5 goc 
2,4 - Dinitrophenylhydrazone mp : 235 - 39°C 
GLC (Solvent; chloroform) : Retention time 4 minutes 
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3. Reactants : Benzoyl Chloride ( 4 gm: 0.028 M) in chloroform ( 15 ml), 
0.3 M sodium hydroxide aqueous solution (30 ml) formic acid (4.6 gm; 
0.1 M): reaction time 30 minutes, Yield 72% 
Tollens' test 
Fehling's test 
Benedict's test 
Refractive index 
Positive 
Negative 
Positive 
1.522 
Phenylhydrazone mp : 156 - 58°C 
2.4 - Dinitrophenylhydrazone mp : 235 - 39°C 
GLC (Solvent: chloroform) : Retention time 4 minutes 
Prop_ionaldehyde 
Reactants : Propionoyl chloride ( 3 gm: 0.033 M) in diethylether ( 1 .:' ml): 
ammonium hydroxide (25%: 30 ml). formic acid (--l.6 gm: 0.1 M): 
reaction time 45 minutes. yield 79°o 
Tollens' test 
Fehling's test 
Benedict's test 
Positive 
Positive 
Refractive index 1.3 76 
2.4 - Dinitrophenylhydrazone mp : 152 - 56°C 
GLC (Neat) : Retention time 1 .8 minutes 
1R (KBr) vmax: 1710 cm- 1 (C=O) 
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1 H-NMR (CDC13) : 8 10.1 ( 1 H.s). 2. 7 (2H.t). 1.6(2H.m).0.97(3H,t) 
Butyraldehyde 
Reactants : Butyryl chloride (3 gm; 0.028M) in chloroform ( 15 ml). 
ammonium hydroxide (25%; 30ml). formic ac1d (4.6 gm: 0.1 M) ; 
reaction time 3 5 minutes. yield 90%. 
Tollens' test : positive 
Fehling's test : positive 
Benedict's test : Negative 
Refractive index : 1 .411 
2.4 - Dinitrophenylhydrazone mp : 118 -24 oc. 
GLC (solvent : CHCI_,) : Retention time 6.12 minutes 
Ph enylacetaldehyde 
Reactants : Phenylacetyl chloride (5 gm : 0.032 M) in chlorofonn 
( 15 ml). ammonium hydroxide (25°o: 30 ml). formic acid (4.6 gm: 0.1 M): 
reaction time 50 minutes. yield 80~o. 
Tollens' teq : Positive 
I ehling's test : Positive 
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Benedict's test : Positive 
Refractive index : 1.536 
2.4 - Dinitrophenylhydrazone mp : 126 - 28°C. 
GLC (solvent : CHCJ 3) : Retention time 3.68 minutes 
Isobutyraldehyde 
Reactants : Isobutyryl chloride (4 gm; 0.037 M) in chloroform (15ml), 
ammonium hydroxide (25%; 30 ml), formic acid (5.32 gm; 0.12M), 
reaction time 25 minutes. yield 86%. 
Tollens' test : Positive 
Fehling's test : Positive 
Benedict's test : Positive 
Refractive index : 1.40 1 
2.4 - Dinitrophenylhydrazone m.p. : 188 - 92°C 
GLC (solvent : CHCL) : Retention time 4. 72 minutes. 
_, 
Pivalaldehyde 
Reactants : Pivaloyl chloride ( 4gm:(' .033 M) in chloroform ( 15 ml), 
ammonium hydroxide (25% : 30 ml). formic acid (4.6 gm : 0.1 M) : 
reaction time 10 minutes. yield 85°'o. 
Tollens' test : Positive 
Fehling's test : Positive 
Benedict's test : Positive 
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Refractive index : 1.398 
2,4 - Dinitrophenylhydrazone (mp.) 207-21I oc 
Monochloroacetaldehyde 
Reactants : Chloroacetyl chloride ( 4 gm ; 0.03 5 M) in chloroform (15 
ml), ammonium hydorxide (25% ; 30 ml), formic acid ( 4.6 gm ; O.I M); 
reaction time 45 minutes, yield 82%. 
Tollens' test : Positive 
Fehling's test : positive 
B~nedict's test : Positive 
Refractive index : 1.43 5 
2.4 - Dinitrophenylhydrazone mp : I 08 -II 0°C 
GLC (solvent : CHC1 3) : Retention time 4.2 minutes. 
2- Chloropropi.Qnaldehyde 
Reactants : 2-chloropropionoyl chloride ( 4 gm: 0.03I M) in chloroform 
( I5 ml). ammonium hydroxide (25%: 30 ml). formic acid ( 4.6 gm: O.I M); 
reaction time 45 minutes. yield 79%. 
Tollens' test : Positive 
Fehling's test : Positive 
Benedict's test : Negative 
Refractive index : I .441 
2.4-Dinitrophenylhydrazone mp : 13 7 oc decomp. 
GLC (solvent : CHCI) : Retention time 6.8 minutes. 
96 
Trich loroacetaldebyde 
Reactants : Trichloroacetyl chloride ( 4 gm, 0.022 M) in chloroform (15 
ml), ammonium hydroxide (25%: 30 ml), formic acid (3.25 gm: 0.07 M); 
reaction time 50 minutes: yield 76% as trichloroacetaldehyde and 
chloralhydrate. 
Tollens' test : Positive 
Fehling's test : Positive 
Benedict's test : Positive 
Refractive index : 1.449 
2,4-Dinitrophenylhydrazone mp : 130-34 oc 
GLC (solvent : CHC1 1 ) : Retention time 2.28 minutes. 
Chloralhydrate mp : 53 oc 
Lauraldehyde 
Reactants : Lauroyl chloride ( 4 gm: 0.018 M) in chloroform ( 15 ml). 
ammonium hydroxide (25%. 30 ml). formic acid (2.75 gm: 0.06 M): 
reaction time 25 minutes. m.p. 43-46 °C, Yield 96% 
Tollens' test : Positive 
Fehling's test : Positive 
Benedict's test : Positive 
2.4-Dinitrophenylhydrazone mp : 104-108 :::c 
TLC (silica-gel : G25 .t) Soh·ent : Petroleum ether Ethylacetate 
Acetic acid ( 70 : 30 : 1 ): Rf = 0.08 
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Palmitaldebyde 
Reactants : Palmitic acid chloride ( 4 gm; 0.014 M) in chloroform (15 
ml), ammonium hydroxide (25%; 30 ml), formic acid ( 1.9 gm; 0.042 M); 
reaction time 20 minutes; mp 35°C, yield 95% 
Tollens' test : Positive 
Fehling's test : Positive 
Benedict's test : Positive 
2,4-Dinitrophenylhydrazone mp : 107-110 oc 
TLC (si1icage 1 : G254 ) Solvent : Petroleum ether Ethyl acetate 
Acetic acid (70 : 30 : 1); Rr = 0.073 
Stearaldebyde 
Reactants : Stearic acid chloride ( 4 gm; 0.013 M) in chloroform ( 15 ml); 
ammonium hydroxide (25%; 30 ml), formic acid (1.9 gm; 0.042 M); 
reaction time 20 minutes, mp 5 7°C. yield 94% 
Tollens' test : Positive 
Fehling's test : Positive 
Benedict's test : Positive 
2.4-Dinitrophenylhydrazone mp : 124-127 oc 
TLC (silica-gel : G 25 ~) SolYent : Petroleum ether Ethylacetate 
Acetic acid (70 : 30 : I): Rr = 0.65 
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Olealdehyde 
Reactants : Oleoyl chloride ( 4 gm~ 0.013 M) in chloroform ( 15 ml), 
ammonium hydroxide (25%; 30 ml), formic acid (1.9 gm; 0.042 M) 
reaction time 30 minutes, yield 91% 
Tollens' test : Positive 
Fehling's test : Positive 
Benedict's test : Negative 
Refractive index : 1.456 
2,4-Dinitrophenylhydrazone mp : 67-70 oc 
TLC (silicagel : G254 ) Solvent : Petroleum ether Ethylacetate 
Acetic acid (70 : 30 : I): Rr = 0.58 
10-Undecenaldehyde 
Reactants : I 0-undecenoyl chloride ( 4 gm: 0.0 I8 M) in chloroform 
( 15 ml). ammonium hydroxide (25%: 30 ml). formic acid (2. 75 gm: 0.06 
M): reaction time 30 minutes. yield 91% 
Tollens' test : Positive 
Fehling's test : Positive 
Benedict's test : Negative 
Refractive index : 1 .4 1 6 
2.4-Dinitrophenylhydrazone mp : 132-3 5 cc 
TLC (silica-gel : G254 ) Solvent : Petroleum ether Ethvlacctatc 
Acetic acid (70 : 30 : 1 ): Rr = 0.50 
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Cinnamaldebyde 
Reactants: Cinnamoyl chloride (3 gm; 0.018 M) in chloroform (15 ml), 
ammonium hydroxide (25 %; 30 ml), formic acid (2.5 gm: 0.054 M); 
reaction time 50 minutes. yield 90% 
Tollens' test : Positive 
Fehling's test : Positive 
Benedict's test : Positive 
Refractive index : I .621 
2.4-Dinitrophenylhydrazone mp : 202-20'\ oc 
GLC (solvent : CHC1 3) : Retention time 2.95 minutes. 
llDimethylacraldehyde 
Reactants : Dimethylacroyl chloride (5 gm: 0.042 M) in chloroform 
( 15 ml). ammonium hydroxide (25 %: 30 ml), formic acid (6.0 gm: 0.13 M): 
reaction time 45 minutes. yield 86% 
Tollens' test : PositiYe 
Fehling's test : Positive 
Benedict'::, test : PositiYe 
RefractiYe index : I .45 7 
2.4-Dinitrophenylhydrazone mp : 155-58 2 C 
GLC (soh·ent : CHCL~) : Retention time 2.2 minutes. 
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Phenylp ropiolaldehyde 
Reactants: Phenylpropiolic acid chloride (3 gm; 0.018 M) in chloroform 
( 15 ml), ammonium hydroxide (25 %; 30 ml), formic acid (2.5 gm; 0.054 
M); reaction time 50 minutes, yield 79% 
Tollens' test : Positive 
Fehling's test : Positive 
Benedict's test : Positive 
Refractive index : 1.599 
2.4~Dinitrophenylhydrazone mp 188~90 oc 
CATALYTIC TRANSFER HYDROGENATION 
Preparation of precipitated-metal catalyst : ppt-Ni and ppt-Cu 
Zinc dust (I 0 gm) and distilled water (3 ml) were placed m an 
Erlenmeyer flask and heated on water bath. An aqueous solution (I 0 ml) 
containing either 4.04 gm of nickel(ll)chloride (NiCl2.6H 20) or 2.69 gm 
of copper(II) chloride (CuC1 2.6H20). previously heated to 60 °C. was 
added to the heated zinc dust mud with vigorous shaking. A violent 
reaction took place. depositing the N i or Cu on the surface of the zinc 
dust. The "·hole solid was collected on a !:!lass filter bv suction. washed 
~ -
\Yith \\·ater three times and then with methanol and ether and dried under 
reduced pressure. The precipitated metal catalyst obtained thus contains 
about 1 gm of each metal. supported on zinc dust. 
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General Reduction procedure 
Y.onnic acid and excess trimethylamine were taken and to this, the 
solution of acid chloride in benzene (I 0 mi) added. The molar ratio of 
formic acid and acid chloride taken were 4: I. Temperature of the mixture 
was maintained at room temperature by cooling. I gm each of the ppt 
metal catalyst of either N i or Cu was added to the above solution with 
continuous stirring, when a vigorous reaction took place with the 
effervescence. After evolution of the gas had ceased, the reaction mixture 
was heated on \Vater bath for varying degrees of time. The catalyst was 
filtered and the filtrate washed with water and dried over anhydrous 
sodium sulphate (Na 2S0 4). An alcoholic solution of 2,4-
dinitrophenylhydrazine hydrochloride was added to the benzene solution 
and 2-4-dinitrophenylhydrazone formed was filtered. dried and 
crystal! ized from ethanol. Yields were calculated on the basis of the 
pheny !hydrazone formed. 
Benzaldehyde 
Reactants: Benzoyl chloride (2 gm: 0.014 M) in benzene (10 ml). formic 
acid (2.76 gm. 0.06 M). trimethylamine (4 ml). ppt-Ni or ppt-Cu catalyst 
(I gm). Reaction time for ppt-N i catalyst : I hour: Yield 7 3% and for 
ppt-Cu catalyst: 1.5 hours. Yield 76% 
2.4-Dinitrophenylhydrazone mp : 235-38 oc. 
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Butyraldebyde 
Reactants : Butyryl chloride (2 gm ; 0.019 M) in benzene (1 0 ml), formic 
acid (3. 70 gm ; 0.08 M), trimethylamine ( 4 ml), ppt- Ni or ppt-Cu catalyst 
(1 gm). Reaction timefor ppt-Ni catalyst ; I hour, yield 66% and for 
ppt-Cu catalyst : 1.5 hours, yield 70%. 
2,4 - Dinitrophenylhydrazone mp : 120-5°C. 
Isobutyraldebyde 
Reactants : Isobutyryl chloride (2 gm ; 0.019 M) in benzene (1 0 ml), 
formic acid (3. 70 gm ; 0.08 M), trimethylamine ( 4 ml). ppt-Ni or ppt-Cu 
catalyst (1 gm). Reaction timefor ppt- Ni catalyst : 1.5 hours, yield 75% 
and for ppt - Cu catalyst : 2 hours, yield 77%. 
2,4 - Dinitrophenylhydrazone mp : 186-90°C. 
Pivalaldehyde 
Reactants : Pivaloyl chloride (2 gm ; 0.016 M) in benzene (1 0 ml); 
formic acid (3.22 gm; 0.07 M). trimethylamine (4 ml), ppt- Ni or ppt-Cu 
catalyst (1 gm). Reaction time for ppt - Ni catalyst : 1. 5 hours. yield 77% 
and for ppt-Cu catalyst : 2 hours. yield 81% 
2.4 - Dinitrophenylhydrazone mp : 204-208°C. 
Stearaldehyde 
Reactants : Stearic acid chloride (2 gm : 0.006 M) in benzene ( 10 ml). 
formic acid (1.38 gm; 0.03 M). trimethylamine (4 ml). ppt-Ni or ppt-Cu 
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catalyst (I gm). Reaction time for rrt - Ni catalyst : I hour, yield 81% 
and for rpt-Cu catalyst : 2 hours. yie I d 8 7%. 
2.4 - Dinitrorhcnylhydrazonc mp : 123-27°C. 
Reduction of Oleoyl ch Iori de 
Reactants : Olcoyl chloride (2 gm : 0.006 M) in benzene (I 0 ml). formic 
acid (1.38 gm: 0.03 M) trimethylamine (4 ml). ppt- Ni or ppt-Cu catalyst 
(I gm). React ion time for ppt-N i catalyst : l he ur. yield 83% and for 
ppt-Cu catalyst : 2 hours. yield 74%. 
2.4 - Dinitrophenylhydrazone mp : 125-7cc. 
Reduction of Cinnamoyl choride 
Reactants: Cinnamoyl chloride (2 gm: 0.012 M) in benzene (10 ml). 
formic acid ( 2. 76 gm : 0.06 M). trimethylamine ( 4 m l ). ppt-Ni or ppt-Cu 
catalyst ( 1 gm ). Reaction time for ppt-Ni catalyst : hour. yield 78° o and 
for ppt-Cu catalYst : 2 hours. Yield 73~o. 
. . 
2.4 - Dinitrophenylhydrazone mp : 150-5-+cc. 
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SUMMARY 
SUMMARY 
This thesis reports two new methods of synthesis of aldehydes, 
starting with acid chlorides, The first of this consists of the reduction of 
acid chlorides by formic acid (Scheme - I). This reduction is effected by 
0 
II HCOOH, NH40H 
R-C-Cl 
Scheme I 
0 
II 
R-C-H + C02 + HCl 
treatment ofthe solution of the acid chlorides in chloroform by formic acid 
under basic conditions, at pH - 10. The reduction is carried out at 20 - 30 
oC and the reaction time is uniformly less than an hour. Aldehydes are 
obtained in good to excellent yields ranging from 79 -96%. Primary, 
secondary, tertiary, long chain aliphatic, aromatic, a~- unsaturated, a~ 
acetylenic and halogen containing aldehydes have been prepared by this 
method, details of which are provided in Table. I 
The second method also uses formic acid as a reductant, but the 
reduction is achieved by catalytic transfer hydrogenation, wherein formic 
acid acts as the hydrogen donor. Catalysts empolyed in this reaction are 
precipitated metals (ppt - Ni and ppt -Cu), a less familiar type of catalyst 
which can be easily prepared in the laboratory and whose composition can 
also be varied conveniently. This method thus amounts to a modified 
Rosenmund reduction (Scheme - II). The reaction is conducted in 
0 
II 
R-C-Cl 
HCOOH, Catalyst 
Benzene, Reflux 
Scheme II 
0 
II 
R-C-H + C02 + HCI 
refluxing benzene and the reaction time varies from 1 - 2 hours. In this 
method, however, double bonds if present in the substrate are concomi-
tantly reduced. Yields of the aldehydes obtained in this reaction are 
exceptionally good and vary from 66 - 83% as detailed in Table - II 
TABLE -1 
Synthesis of aldehydes from acid chlorides using formic acid as a hydride donor. 
Reaction Condition Characteristics 
2,4 Dinitro- Yield 
Aldehydes Time Solvent Tollens' Fehling's Benedicts' Refractive phenylhy- (%) 
(min) test test test Index drazone 
Propioaldehyde 45 Ether +ve +ve -ve 1.376 152-156 79 
[1.3636] [ 155] 
Butyraldehyde 35 Chloroform +ve +ve -ve 1.411 118-124 90 
[1.379] [123] 
Lauraldehyde 25 Chloroform +ve +ve +ve 104-108 96 
[1 06] 
Palmitaldehyde 20 Chloroform +ve +ve +ve 107-110 95 
[105-7] 
Stearaldehyde 20 Chloroform +ve +ve +ve 124-127 94 
Benzaldehyde 50 Chloroform +ve -ve +ve 1.522 235-39 79 
[1.5456] [237] 
Phenylacet 50 Chloroform +ve +ve +ve 1.536 126-128 80 
aldehyde [1.5255] [126] 
Monochloroacet- 45 Chloroform +ve +ve +ve 1.435 108-110 82 
aldehyde [1.403] 
2-Chloropropion- 45 Chloroform +ve +ve -ve 1.441 137 Decomp. 79 
aldehyde [1.431] 
Trichloroacet 50 Chloroform +ve +ve +ve 1.449 130-34 76 
aldehyde [1.45572] [ 131] 
[along with chloralhydrate] 
1 0-Undecenal- 30 Chloroform +ve +ve -ve 1.416 132-35 91 
de hyde [1.4427] 
Olealdehyde 30 Chloroform +ve +ve -ve 1.456 67-70 91 
[1.4558] [67-8] 
Dimethylacr- 45 Chloroform +ve +ve +ve 1.457 155-58 86 
aldehyde [1.4528] 
Cinnamaldehyde 50 Chloroform +ve +ve +ve 1.621 202-205 90 
[1.619] [200-202] 
Phenylpropiol- 50 Chloroform +ve +ve +ve 1.599 188-190 79 
aldehyde [1.6079] 
Isobutyraldehyde 25 Chloroform +ve +ve +ve 1.401 188-192 86 
[1.372] [187] 
Pivalaldehyde 20 Chloroform +ve +ve +ve 1.398 207-211 85 
[1.379] [209] 
Note : a. Yields of aldehydes are as isolated 
b. Literature values are given in parentheses. 
Acid chloride 
Benzoyl chloride 
Butyryl chloride 
Isobutyryl chloride 
Pivaloyl chloride 
Stearic acid-
chloride 
Oleoyl chloride 
Cinnamoyl chloride 
TABLE- II 
Synthesis of aldehyde from catalytic transfer hydrogenation 
Reaction Time (Catalyst) 
ppt-Nt ppt-Cu 
1 hour 1.5 hours 
1 hour 1.5 hours 
1.5 hours 2 hours 
1.5 hours 2 hours 
1 hour 2 hours 
1 hours 2 hours 
1 hours 2 hours 
Solvent 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Product 
obtained 
(Aldehyde) 
Benzaldehyde 
Butyra-ldehyde 
Isobutyraldehyde 
Pivalaldehyde 
Stearaldehyde 
Stearaldehyde 
Hydrocinnamal-
dehyde 
% yield of 2,4-
Dinitrophenylhydra 
zone 
ppt-Ni ppt-Cu 
73 76 
66 70 
75 77 
77 81 
81 86 
83 74 
78 73 
